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The magic word in instruments signal processing. Also, more
continues to be digital. Spectrum  microprocessors are turning up in
“analyzers, oscilloscopes and instruments for internal control
other analog machines are using and computation. This report on
digital techniques for storage and instruments starts on page 40.




...and they’re off the shelf!

PICO Electronics’ patented con-
struction combines mass produc-
tion with the utmost in reliability
to produce the smallest possible
transformer.

These little giants handle up to
600 milliwatts at 1 KHz and 1.5
watts at 10KHz. They cover the
frequency range of 300Hz to
250KHz. Primary or Secondary
impedances of 3.2 ohms to 250K
ohms. Pulse applications .05us to

100us. Construction can be TO-5
plug-in, insulated flexible leads or
flat pack ribbon style.

Size variations from 14" dia. x 14"
ht. to 114," dia. x 14" ht. Special
designs with 14" dia. and .180" ht.

Pico Electronics is a Q.P.L. source.
All transformers are hermetically
sealed in a metal case and in strict
compliance with MILT-27 specifi-
cations. Every Pico device has the
added reliability feature of being

guaranteed for 25 cycles of ther-
mal shock (MIL-STD-202D, meth-
0d 107C).

Industrial and Commercial de-
signs are also available for max-
imum economy.

Over 600 standard transformers
to choose from...Delivery—stock
to one week...specials take a little
longer — 9 days.

Send for free 36 page catalog.

PICO Electronics, Inc.

50 South MacQuesten Pkwy., Mt. Vernon, New York 10551 « Telephone 914-699-5514
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Exar's new XR-2240 counter/programmable timer
solves so many tough problems that designers will
unanimously agree that it's really the universal timer.

With its unique combination of analog and digital
timing methods, you can now replace inadequate and
complex assemblages of monolithic and electro
chanical timers with the much simpler XR-2240«
bonus, you get greater flexibility, precisio
and a reduction in components and cost
applications.

Because of built-in progra
use the XR-2240 for fr ncy, synth
music synthesis, digit ple ‘and
conversion, binary,
and more.

With a single

r,

Ronm

QUALITY - RELIABILITY
»910-595-1721

ither a 16-pin
for military or

tional timing applications,
rs: the XR-320 timing circuit and

forf€omplete information.

R LANGUAGE

R-OHM ELECTRONICS GMBH
EXAR INTEGRATED SYSTEMS
MUHLENSTRASSE 70

4051 KORSCHENBROICH

FEDERAL REPUBLIC OF WEST GERMANY

Members of the International R-OHM Group
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FOR NEW STANDARDS IN SPECTRUM ANALYZERS, THINK HP

8556A Tuning Section,
20 Hz—300 KHz,

with built-in tracking
generator, $2150.

8553B Tuning Section,
1 KHz— 110 MHz,
$2850.

X

\$ Y

|

The Widest Choice
in Spectrum Analyzers.

With HP’s neatly-interrelated spectrum
analyzers, you choose tuning sections, displays
and companion instruments to tailor a system
for your measurement needs all the way from 20
Hz to 40 GHz. Then, as your requirements
expand, re-configure your system simply by
adding the related piece of equipment. For
example, when you need to cover a new
frequency range simply add that tuning section.

By themselves, any of the 4 spectrum ana-
lyzers give you tremendous signal analysis
capability made possible by absolute amplitude
calibration, low distortion, high resolution,
and wide frequency scans coupled with the
ability to zoom down to a narrow scan.

Value really multiplies when you add the
companion instruments. For example, the track-
ing generators combined with the analyzers
make swept measurements over a 120 dB range
thus forming precision swept frequency test
systems.

And our automatic preselector for the
microwave tuning unit does away with virtually
all image, multiple and spurious responses.

All in all, HP’s family of spectrum analyzers
gives you the greatest depth and breadth
of performance and the best value in signal
analysis equipment available anywhere.

For more information, call your local HP field
engineer or write.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304

8552B High Resolution
IF Section has 10 Hz
bandwidth, manual
scan, two log plus
linear scales, $3475.
Lower cost unit (8552A,
$2775) also available.

(U.S. Domestic Prices Only.)

INFORMATION RETRIEVAL NUMBER 3

Tracking generators for wide dynamic range,
swept frequency response measurements.

8443A 110 MHz Tracking
Generator/Counter,
$4100.

8444A 1300 MHz
Tracking Generator,
$3300.

’

8554B Tuning Section,
0.1—1250 MHz, $3825.

matic Preselector, for
wide scans, free from
unwanted responses,
$2500. ($3170 with

LED frequency readout
option.)

8555A Tuning Section,
10 MHz—40 GHz, $7100.

141T Variable
Persistence and Stor-
age Display Section. Gives
bright, high-resolution traces
at slow scans, $2100. Also available:
economical normal persistence and
large screen displays.
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NEWS
27 News Scope
40 Instrument '74 special issue, featuring current trends in instrumentation.

Topics covered include: Inside the instrument; instrument packaging;
instrument advances; calculator and computer-compatible instruments;
pulse and word generators; wave and spectrum analyzers; microwave in-
strumentation; temperature measuring instruments; laboratory power
supplies and interviews with industry pioneers.

33  Washington Report

TECHNOLOGY

150 Choose the right storage oscilloscope to capture both super-slow and ultra-
fast events. New technology in storage has boosted the number of options.

162 Measure time interval precisely. Recognize the common pitfalls in counter
measurements and eliminate potential errors.

170 Measure open-loop servo response without saturation problems. Just open the
loop, drop in an auxiliary op-amp computing chain, then reclose the loop.

176 Team calculators with instruments to direct the test sequence, acquire and
process data, and deliver output results. Cheaper than minicomputers, too.

182 Untangle automatic test equipment to find the right system for the job. A
review of the relative merits of available ATE schemes helps untie the first knot.

190 Design a low-cost pH meter. Match a sensor to a suitable amplifier and DPM
to get a digital unit that resolves 0.01 pH units with an accuracy of 0.02 pH.

196 Ideas for Design: Slave clock can run free at center frequency and lock in
within one cycle . . . Electronic ignition system uses standard components . . .
Programmable sine-wave oscillator uses only one CMOS IC . . . Improve
interrupt-handling capability of microprocessor with a few ICs.

206 International Technology

PRODUCTS

209 Modules & Subassemblies: 12-bit hybrid a/d converters designed for high
performance by two companies.

220 Power Sources: 3-output variable supply regulates to within 0.019%.

215 Components 264 Packaging & Materials
224 Instrumentation 276 Integrated Circuits
234 Discrete Semiconductors 280 Microwaves & Lasers

246 Data Processing

Departments

147 Editorial: The way to die

7 Across the Desk 300 Advertisers’ Index

284 Application Notes 302 Product Index

286 New Literature 304 Information Retrieval Card

294 Bulletin Board
Cover: Designed and illustrated by art director Bill Kelly.
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Build faster systems
Intels microcomp

You can now build alimitless variety of high speed, high performance
logic systems at low cost with a handful of

INTEL'S SERIES 3000 SCHOTTKY LSI

3001

MICROPROGRAM CONTROL UNIT

3002

CENTRAL PROCESSING ELEMENT

3003

LOOK-AHEAD CARRY GENERATOR

3212

MULTI-MODE LATCH BUFFER

3214

INTERRUPT CONTROL UNIT

3226

BIDIRECTIONAL BUS DRIVER

3601

1024-BIT BIPOLAR PROM (256X4)

3604

4096-BIT BIPOLAR PROM (512X8)

3301A | ROM (COMPATIBLE WITH 3601) built into every
3304A | ROM (COMPATIBLE WITH 3604) | part. Your

3106A | 256-BIT RAM (THREE STATE) System WIH
3107A | 256-BIT RAM (OPEN COLLECTOR) | e faster

and far more universal than hard-wired
TTL, when you choose the right Series
3000 configuration for your product

line. Our flexible, microprogrammable
architecture lets you tailor system
speed, size, logic functions, bus

structures and data paths to your

own needs.

And your design will cost
much less than hard-wired TTL.
Series 3000 LSI computing ele-
ments inexpensively replace 60
to 80 percent of the MSI/SSI

components previously re-
quired in peripheral control-
lers, large computer channel

Intel’s new Schottky
LSI microprogramm-
able computing ele-
ments. This is the
first bipolar family
with a total sys-
tems concept

™. 4

/

controllers, minicomputer and
midicomputer central processors, data communications concentrators and processors,
industrial machine and process controls, and other high-speed systems.

Each Central Processing Element is a complete 2-bit data processing slice with built-
in functions that simplify system operation. The Microprogram Control Unit is a powerful
state sequencer, used to select microinstruction sequences from microprogram memory.

More than 6.5 million microinstructions per second can be executed by the typical
16-bit central processor shown here. To further enhance throughput, multiple-bit data
shifts, masking and bit testing, macroinstruction program counter maintenance, and
basic register-to-accumulator operations have all been reduced to one microcycle.

4 ELECTRONIC DESIGN 24, November 22, 1974



at half the cost with
uting bipolar LI,

No external buffers or multiplexers are shown in the data
bus structure because none are needed. The bus structure is
variable and the Central Processing Array, microprogram
memory, interrupt and [/O structure can be tailored to
suit the application.

Start exploring your own logic universe with Intel’s
WEF 3000 Bipolar System Development Kit.

It contains design aids, two Microprogram
Control Units, ten Central Processing Ele-
ments and ten 3601A PROMs—more than

enough Schottky LSI building blocks
- for a typical system. Our kit updating
program also entitles you to receive,
without further charge, selected
samples of new Series 3000 family
members as they are announced
in 1975 and priority mailings of
additional design aids.

The kit is available from
your local Intel distributor for
only $720. We'll send you a
Look-ahead Carry Generator,

Interrupt Control Unit, Multi-mode Latch
Buffer and Bidirectional Bus Driver
directly and follow up with more
samples later. Or, you can buy our
Series 3000 L
computing
elements in
production
volume and build high performance systems for as little as half
the cost of TTL. All elements are in stock now except the
3304A which will be available First Quarter, 1975.
For more information on Series 3000, write Intel
Corporation, 3065 Bowers Avenue, Santa Clara, California 95051.

|nte| Microcomputers. First from the beginning.

INFORMATION RETRIEVAL NUMBER 4
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FLAT INTERCONNECTS
YOUR COMPLETE SOURCE

Ribbon Cable / IC Interconnects / Custom Harnesses

You're sold on flat cable, now buy it at its best.
Precise, compact cable packages to fit your specifi-
cations perfectly, computer-loomed for unmatched
versatility by Woven Electronics.

Handling ease of independent non-bonded leads
speeds production, cuts cost, while technical charac-
teristics outrank other flat cable forms.

Make Woven your source for jumpers, continuous
rolls, special harnesses, all your interconnect needs.

WOUVEN ELECTRONICS

P.O. Box 189 Mauldin, South Carolina 29622
803/963-5131
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(across the desk )

Typo deflates price
of high-power pulser

In the Velonex new-product ac-
count on p. 120 of the July 5
issue, the price of our high-power
pulse generator is wrong. Our re-
lease gave the price as $1990, not
$1190. And since your publication
of the item, the price has been
raised to $2090.

Roy C. Martens
President
Martens & Associates
185 Waverly PI.
Mountain View, CA 94040

A bilingual approach
to electronics defended

Just read your July 19 editorial,
“Too Many Foreigners,” with
mixed emotions. I agree it would
be nice if communications could
be handled with universal engi-
neering precision, as an ideal ob-
jective. The trouble is that engi-
neers, regardless of nationality are
creatures of their particular up-
bringing and cultural fabric. They
ultimately relate information to
their particular environment and
aspirations.

What I'm trying to suggest is
that I believe the emotions still
play a major role in our inter-
national technical relations.. So I
hope your editorial will not be
interpreted by our various Hewlett-
Packard (and other U.S. company)
managers in such a way that local
language concessions are ignored.

After all, if “engineers can un-
derstand each other with little
difficulty,” there’s seemingly no
need for HP or others to stray
from the English language in

communicating with them. And
while that kind of thinking is a
comfortable balm for our U.S.
frustrations over foreign tongues,
it is ultimately a pretty arrogant
position that has long-term vulner-
abilities.
Carl W. Anderson

Manager, Advertising & Sales Pro-
motion

Electronic Products Group
Hewlett-Packard
1501 Page Mill Rd.
Palo Alto, CA 94304

We win some,
we lose some

For the first time, I want to
congratulate you on your editorial
in ELECTRONIC DESIGN, Aug.
2, 1974, (“The Good Boss,” ED
No. 16). You really surprised me.
It was well written and meaning-
ful.

It’s too bad I can’t say the same
about the quality of the power-
supply editorial content of your
magazine. Cheers!

Robert H. Okada
President
RO Associates, Inc.
3705 Haven Ave. P.0. Box 2163
Menlo Park, CA 94025

A plea for recycling
our nuclear wastes

In reply to Ralph Gobel’s letter
in the Aug. 2 issue suggesting
rocketing radioactive waste into
the sun:

Such a narrow-minded “let’s
engineer a solution to this prob-
lem” approach is typical of those
who are ill at ease or untutored

(continued on page 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine’s editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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giga-trim
capacitors
for
microcircuit
designers

o h 4

7261 SL 7263 7264 7265

Giga-Trim® (gigahertz-trimmers)
are tiny variable capacitors which
provide a beautifully straight for-
ward technique to fine tune RF
hybrid circuits and MIC’s into
proper behavior. They replace
time consuming cut-and-try ad-
justment techniques and trim-
ming by interchange of fixed
capacitors.

Applications include impedance
matching of GHz transistor cir-
cuits, series or shunt ‘‘gap-trim-
ming”’ of microstrips, external
tweaking of cavities, and fine
tuning of crystal oscillators.

MANUFACTURING CORPORATION

BOONTON, NEW JERSEY 07005
201 / 334-2676
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Perfect blend of economy and
reliability in a dry reed relay

Clare’s new 951 dry reed relay is a product

of Clare’s automated manufacturing pro-

cess that combines economy with

reliability. This epoxy molded PCB

relay houses the popular Picoreed

capsule which gives you

from 100 million

, operations at signal

= level loads to 5 million

“‘ operations at 10 volt-

‘ amps. It’s an excel-

lent, rugged relay for

mmumg:atlons process control

and general electronic applications where

reliability and long life is critical. Available
in 1, 2 and 4 form A configurations.

Longer life than a dryreed; less expen-
sive than mercury wetted contact

The new
851 mercury
wetted reed
relay gives you
as much as a billion bounce-free operations,
plus switching capabilities from signal level
to 50 volt-amperes. The epoxy molded PCB
relay is in performance and price, some-
where between the popular dry reed and
the more expensive mercury contact relays.
And that makes it ideal for applications in
telecommunications, computer pe-
ripherals, data acquisition and indus-

trial control. Available now in 1, 2

and 4 form A configurations.

DR
from CLAIRE

New
LAY,

A newKkind of self-latching reed relay

Clare’s new relay is the 961 self-latching
PCB dry reed relay which features a unique
switch that provides the magnetic memory
function without the external

biasing magnets

. 'pulse but the pulse
duration is llmlted only by coil heating.
Once pulsed, the relay remains in that state
 until the opposite mode is selected.

Ideal for complex automatic test equip-
Y ment or telecommunications systems,
||they’re available in 1 to 6 pole configura-
tions and have 5 volt-ampere contact
ratings.

Availability? Right now!

All three relays are in production and in
stock right now. For full technical specifi-
cations contact your nearest Clare Distribu-
tor. For more comprehensive application
information, contact C. P. Clare & Com-
pany, 3101 W. Pratt Avenue Chicago,
Illinois 60645 or phone (312) 262-7700.
QUALITY, SERVICE, RELIABILITY

C. P. CLARE & COMPANY 5 subsidiary of
GENERAL INSTRUMENT CORPORATION

INFORMATION RETRIEVAL NUMBER 7
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NEW GE-MOV ' VARISTORS
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Industry’s Best
Delivery On Every

Precision/
Power
Wire-wound
Resistor

In Our Catalog

Call our hotline for prompt
service and delivery.

(201) 374-3311

ELECTRONICS, Inc.
General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111

INFORMATION RETRIEVAL NUMBER 8
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ACROSS THE DESK
(continued from page 7)

in whole-systems thinking. This
attitude, together with the “what
would they say at the lab if I
stepped out of my field” syndrome,
continues to stifle the conceptual
leaps now necessary if we are to
apply technology in humane, life-
enhancing ways. We must now
begin to avoid problems, not solve
them.

In the energy field this means
we must move to renewable solar
sources (including windpower,
ocean thermal gradients and bi-
polar conversion) while we still
have the fossil energy we will
need to make the transition.

The nuclear-fission age is al-
ready over. Fission electricity now
equals in capital cost per installed
kilowatt hour the cost of power
provided by large wind plants.
Nuclear fission, like oil shale, is a
net energy loser; the gross energy
output is less than the gross en-
ergy input.

Rather than “waste” our deadly
wastes by rocketing them into the
sun, let’s develop the massive tech-
nology that will recycle such valu-
able by-products.

These views do not reflect those
of my organization, but they are
generally those of students in
Oregon Museum of Science & In-
dustry courses on the theory, de-
sign and construction of wind gen-
erators, solar flat-plate collectors
and methane digesters.

Lee Johmson
On-Site Emergy Systems Consultant
Energy Center
Oregon Museum of Science &
Industry
4015 S.W. Canyon Rd.
Portland, OR 97221

Statek quartz crystals
are uniquely small

I read with interest the article
in the July 19 issue on “Inflation,
Energy, Semiconductors to Domi-
nate Tomorrow’s Electronics.” The
information in Table 1, concerning
quartz crystals for watches, is in-
accurate. The dimensions of the
Statek WX-2CF crystal currently
in production is 0.4 (1.016 cm) x
0.15 (0.3010 em) x 0.07 in. (0.1778

em), for a volume of 0.0042 in.?
(0.0688 c¢m?). The table value for
the minimum dimension is 57%
too large, and the volume is 89%
too large. Statek manufactures the
smallest high-quality watch crystal
presently available.

The Statek design is unique and
offers a considerable improvement
in size, high-volume producibility
(cost), accuracy and ruggedness.

Richard J. Nelson
Applications Engineer
Statek Corp.
1200 Alvarez Ave.
Orange, CA 92668

Arthur D. Little
88 years young

Though we very much sympa-
thized with Mr. Rostky’s sense of
editorial sorrow at what he im-
plies is an inevitable hardening of
corporate arteries (“Growing Old
Youthfully,” ED No. 14, July 14,
1974, p. 59), we feel we must point
to ourselves as a conspicuous ex-
ception to the statement that “it’s
probably impossible to escape the
encumbrances of age and size.”

In fact, Arthur D. Little—
founded in 1886 and a venerable
corporate octogenarian with 1600
employes—exhibits many of the
traits you would attribute exclu-
sively to frisky, lean, young cor-
porate colts:

1. We are open 24 hours a day,
365 days a year. Arthur D. Little
keeps its doors open all night, so
engineers and researchers can come
in at any hour to try out ideas—
and they do.

2. Though we do permit our-
selves a few coming-of-age privi-
leges—such as employing techni-
cians—you're as likely as not to
find our most senior professionals
wiring and debugging their own
breadboards.

3. Far from being enmeshed in
tiers of managers, ADL’s organi-
zational chart is flat and is com-
prised of management, professional
consultants and support personnel.
This encourages professionals to
become enmeshed in finding the
best solution to problems of clients
by quickly fielding a team of peo-
ple with the needed skills from
anywhere in the company.

The results of maintaining this

(continued om page 16)
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ROCK SOLID

The most solid, stable glass-sealed ceramic capacitors around. Processed
with unique and proprietary techniques (patents pending). That's
what makes GTI/Tensor’s glass-sealed ceramic capacitors as solid and
tough as a rock. Results:

= No point contact resistance = Higher insulation resistance
= 50% lower ESR = Greater volumetric efficiency
= Dielectric stability = Smaller size (resulting in greater
component density on the board)
Body characteristics available: NPO (COG), X7R (BX) and Z5U (GP).

GTI/Tensor tapes and reels your order for automatic insertion.
For hard facts and rock-solid deliveries, write or call us or one of our

representatives; while you're at it ask for our new catalogs on
Glass Sealed Ceramic Capacitors and Monolithic Chip Capacitors.

f 11558 Sorrento Valley Road
ET' tensor San Diego, California 92121
{ electroniCs.,iMC.  (714) 453-7262 Telex: 69-5056

A SUBSIDIARY

F GT1 CORPORATION
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MC101C C10105P MC10505L MC10505F Laser POS Scanners / Preprc Hard-W
MC101( MC10106P 10506L ' F OEM & End-User Minicomputers

MC10107L MC10107P MC10507L MC10507F Dual 2-Wide 3-Input OR-AND Gate

MC10109L MC10109P MC10509L MC10509F 4-Wide 4-3-3-3-Input OR-AND Gate
ory Control Systems / Data Acquisition 4-Wide OR-AND/OR-AND-INVERT Gate

MC105211L

Systems / Coding Systems For Secure Commur
MC10110L MC10110P Image Recognition / Laser Range Finders / Multiy
MC10111L MC10111P — Systems / Digital Delay Lines
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Quad TTL-To-MECL Translator MC10124L. MC10124P MC10524L MC10524F

tion / Missile Electronics / Weapons Sy
exers / Fire Control Systems / Target

quisition

*

14 new reasons why your
next design should include

MC10158 Quad 2-Input Multiplexer
(Non-inverting Output)

Includes common clock and common
data select inputs. Ideal for
economical multiplexing.

MC10150AL 256 x 4 Factory PROM
Largest ECL ROM available today.
Novel programming offers low cost
and short turn-around time.

MC10194 Dual Simultaneous Bus Transceiver
Designed for high speed data transfer over
multiport bus lines, increases message density.

MC10195 Hex
Inverter/Buffer ;
Intended for MSl-rich
designs for high-fanout
clock driving and reducing )
stub lengths on long bus lines.

MC1696 = 10, 1-GHz BCD
Counter with Reset

An industry first, a

natural for front-ends

of high performance
N counters and
! prescalers.

MC10166
5-Bit Comparator
Compare two 5-bit
binary words.
Connect multiple
devices for
comparing longer
words.

MC10159 Quad 2-Input Multiplexer
(Inverting Output)
A quad two channel
multiplexer with
enable. Input levels
are inverted at

the output.

MC10287 High-Speed 2-Bit
Multiplier Useful as an array
multiplier block. Two 4-bit words can
be multiplied in 14 ns (typical).

MC10177 Triple MECL-to-MOS
Translator (N-Channel)
Designed for NMOS memory systems
as a read/write data/address driver.
Drives high capacitive loads.

( 10159L " x

Checker MC10160L MC10160P MC10560L MC10560F

rt Equipment / Satellite Computers / Communications Processors / Radio- Quad 2-Input MUX W/Latch MC10173P * A
stems / Tracking Systems / Rocket Electronics / Deep Space Satellites / Dual 4-to-1 Multiplexer A 05 MC10574F
nd Stations / Digital Correlators Quint Latch MC10575F

-oder (Low C10161L MC10561F Hex D Flip-Flop .

oder (High) MC10162L MC10562F Triple MECL-to-MOS Translator (N-Channel) A 2 i

tion Ckt. (IBM Pattern) MC10163L Ly - Binary Counter MC10178P ~ <
MC10164L MC10564L MC10564F Look A M MC10179P " MC10179F
MC10165L * * CONSUMER Private Aircraft Radio Equipment / CB and Marine




Wuagd Bus Kece
Dual D Latch
Dual D Flip-Flop
pual MUX W/Latech (Com
COMMUNICATION TOM
Co unications / Micro
(PCM) / Real-Tim
and Correction S
Data Compressor
Quad Latch

Dual MUX W/Latch {Separate Select)
Dual J-K Master-Slave Flip-Flop

MECL

New product innovations are only one
reason for the growing popularity of
MECL. In addition to high speed capa-
bilities, MECL offers design techniques
that may lead to more competitive
designs in lower speed regions.

Designers now have a choice of 96
basic devices in MECL 10,000 and com-
patible MECL III, available in 230
package options. For complete details,
write to Motorola Semiconductor Prod-
ucts, Inc., P.O. Box 20912, Phoenix,
Arizona 85036.

Exactly why should your next design
include MECL? We have the answers
in an audio/visual seminar covering the
use of MECL, design advantages, and
comparison of 10K and Schottky TTL.
For a presentation at your facility, just
call your local Motorola Distributor or
OEM Sales Office. You'll see first hand
what MECL can do for you.

ing / Data Comn
vitching Systems /

MC10133P

MC10135P

- 64-Bit RAM (64 x 1) (
MC10530L

MC10530F 4-Bit Universal Shift Re
MC10531L MC10531F 64-Bit RAM (64 x 1) (10 ns 2t
* * INSTRUMENTATION Freque

Equipment / Medical Electronics / Laser Ci
Generators / Radar Systems / Correlators

/ Data Delay Lines / Telemetry
ns / Radar / Error-Detection
o Signal Processors

Prescalers / Spectrum Analysers
8 x 2 Multiport Register File (RAM)

MCM10143L
VICM10144L

MC10533L MC10533F 256-Bit RAM (256 x 1) (30 ns max)
MC10134P x * 64-Bit RAM (16 x 4) MCM10145L
MC10535L MC10535F 128-Bit RAM (128 x 1) (12 ns max) MCMI18147L

MCM10148L
MC10150AL
MC10153L

64-Bit RAM (64 x 1) (50 chm Drive) (15 ns max)
256 x 4 Factory PROM
Quad Latch (Negative Clock)

MC10182 16-Pin 2-Bit ALU
Capable of performing
4 logic operations and 4
arithmetic operations
on two 2-bit words.

MC10190 Quad IBM-to-MECL
Translator A quad translator for
interfacing from IBM MST-type logic
signals to standard MECL 10K levels.

MC10186 Hex D Flip-Flop
with Common Reset Supplies
an MSI answer for fast D
flip-flop requirements. Clocking
common to all six flip-flops.

MC10197 Hex
AND Gate
Provides a high
speed hex AND
function with
strobe capability
for a variety of

MOTOROLA MECL

...new logic capabilities for the 70's/

INFORMATION RETRIEVAL NUMBER 10

MECL, MECL 10,000, and MECL Ill are trademarks of Motorola Inc.

Hex D Flip-Flop W/Common Reset MC10186
Quad I1BM-to-MECL Trans M

Hex MECL-to-1BM Translatc
LINEAR Video Gates
Filters / Limiters
Error Detection/Correction Ckt. {Motorola Pattern
Hex Inverter/Buffer
Hex AND Gate

Amplifiers / Schmitt Tri

o

h-Speed Dual 3-Input/3-Qutput NOR Gate
eed Dual 2-NOR/1-OR Gat
Speed Tri Line Recei

MC10141pP

MC1658P

M(

Nuciear Instrumentati
uitry / Precision Timing / Oscilloscopes
Ish Generators and Filters / Logic Tesi
Pulse Generators / Distance Measuring Equipment / Memory Testers / Mass Spectror

applications.
; MC10191 Hex MECL-to-IBM
N Translator The inverse of
10190. Ideal for peripherals
and add-ons where interfacing
to IBM computer is required.
*Indicates scheduled package additions
Binary Counter (325 MHz typ) MC1654
Voltage Controlled Multivibrator MC1658
Dual 4-input OR/NOR Gate MC1660
¢ * A Quad 2-Input NOR Gate MC1662
; - % Quad 2-Input OR Gate MC1664
B » Dual Clocked RS Flip-Flop MC1666
Commutating Duat Clocked Latch MC1668 —
r Slave Type D Flip-Flop (350 MHz typ) MC1670 ~
* ¥ Exclusive-OR Gate MC1672
A * Triple Exclusive-NOR Gate MC1674
* * Bi-Quinary Counter (350 MHz typ) MC1678 —
~ : INTERFACE A to D Converters / D to A Con s / Line Driving/Recei
v ¥ IBM Bus Drivers/Receivers /| MOS RAM '‘Sense nplifiers / Bus Driver/Receivers /

NMOS Memory & Controls
MC10616F Dual 4/5 Input OR/NOR Gate

MC1688



CELCO can make an “Above-Average”
Scanner & Printer System for your
Image Processing Application.

CELCO's Large-Format Scanner is a unique solution for automating the production of master fonts for a manufac-
turer of computer typesetting equipment. Scanning a 16-million point area, this system calibrates itself and
reduces an artwork master 14 inches x 14 inches to a digital record in 16 seconds.

Our Precision Printer is designed to automatically access the digital records created by the Scanner, and repro-

duce high-resolution photo-reductions on a master plate.

CELCO has led the field in producing High-Resolution
CRT Scanning Systems for applications in Satellite
Image Recording, Nuclear and Astronomical Research,
Pattern Recognition, Medical Research, high-speed
Map-Making, Automatic Inspection Systems, and other
“Above-Average” requirements.

This “Above-Average” Scanner and Printer System
represents a combination of CELCO’s unique in-house

CONSTANTINE ENGINEERING LABORATORIES COMPANY

1150 E. Eighth Street, Upland, CA 91786

70 Constantine Drive, Mahwah, N J 07430

capabilities. From long experience in analog electron-
ics and display engineering, to a broad achievement
in both digital hardware and software systems, CELCO
can offer a “state-of-the-art” approach to your most
unusual problems.

If you have an image processing application, look to
CELCO for the “Above-Average” solution.

INFORMATION RETRIEVAL NUMBER 11
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Fresh off the shelf. Ribbon cable from Hughes.

It could be as good an idea as penny candy: and have color-coded PVC insulation. You can get
getting your ribbon cable from the same people who 2210 28 AWG. ‘
crack your tough flat conductor-cable problems. Of course, all our cable comes with Hughes

We offer it by the foot, or as you like it. We not quality built-in. And we handle your order with the
only make it, but we cheerfully cut it, strip it and helpful attitude of one of the most competitive
terminate it for you. companies in the cable business.

Our new ribbon cable comes in widths
from two to 100 conductors. The con- 5
ductors are round (solid or stranded),

So write us soon. Hughes Connecting Devices,
500 Superior Ave., Newport Beach, Ca. 92663.
Orcall (714) 548-0671.

=
» HUGHES AIRCRAFT COMPANY
A3 3 CONNECTING DEVICES

We crack the tough ones.



ACROSS THE DESK

(continued from page 10)

kind of atmosphere speak for them-
selves. Among some of the more
notable inventions that have bub-
bled up recently are a reliable,
accurate, competitively priced, all-
electronic speedometer; a digital
microwave transceiver that costs
less than any other on the market;
a distinetively low-cost word proc-
essor; a microfiche reader note-
worthy for its low cost, high
performance and light weight; a
compact, rugged, accurate digital
compass; an alpha particle detec-
tor, compact enough to be mounted
on a miner’s helmet; a facsimile
machine that won an IR new-
product award; and a rugged,
stackable chair for use in sports
arenas.

In other words, we believe com-
panies can grow old very youth-
fully. We are.

David A. Curtis

Electronic Systems Section
Arthur D. Little, Inc.
Acorn Park
Cambridge, MA 02140

Class-D amplification?
It's an old idea

Please be advised that the Class-
D audio amplifier (“Boost Audio-
Amplifier Efficiencies,” ED No.
8, April 12, 1974, pp. 96-98) is
hardly new. The U.S. Marine
Corps is now in production on the
AN/UIQ-10, a fully qualified 250-
W system that has evolved over
the years and is based on pulse-
width modulation (Class D). As
the former project engineer, I as-
sure you there is no question in
my mind that the AN/UIQ-10
does everything Class D.

M. Keller
1935 Hawthorne Ave.
Alexandria, VA 22311

Ed. Note: The author of the
article did mot contend that the
technique was mew. On the con-
trary, he pointed out that the
Class-D approach is “a design in-
troduced about a decade ago but
then rarely wused.” From time to
time ELECTRONIC DESIGN reviews
old techmiques that have attained
new significance. The editors felt

16

that readers would find an article
on the Class-D amplifier useful be-
cause of the growing emphasis on
energy conservation and portabili-
ty in audio designs.

They don't live
there anymore

In a product feature on Simpson
Electric’s new solid-state panel
meter, the ANA/LED (“Solid-
State Panel Meter Fills the Gap
Between Analogs and Digitals,”
ED No. 15, July 19, 1974, p. 126),
an old Chicago address was given
for the company. Simpson’s correct
address is 853 Dundee Ave., Elgin,
IL 60120. Phone: (312) 695-1121.

Sharp eyes pick up
a flaw in our LVDT

I was reading your article “Sen-
sors in 5 Areas Are Getting
Tinier, Cheaper and More Precise”
(ED No. 15, July 19, 1974 pp. 30-
38), and I came across two in-
stances where you called an LVDT
a linear velocity displacement
transformer (pp. 34 and 36). As is
correctly stated on pg. 32, it is a
linear variable differential trans-
former.

Johm R. Malin, Physicist
Corning Glass Works
Finishing Research Dept.
SP-PR-I
Corning, NY 14830

Dial 1391 for iCOM

A garble in transmission re-
sulted in a wrong phone number
for iCOM in the Sept. 27 issue
(“First Floppy Disc Peripheral
Made for Minicomputers,” ED No.
20, p. 138). The correct phone
number of the Canoga Park, CA,
company is (213) 348-1391. A lit-
tle old lady at 1291 has been
getting a slew of calls and is tiring
of forwarding them to iCOM. For
further information,

CIRCLE NO. 319

If your
copy of the
Laboratory

Power

Supply

brochure
from Lambda

has been

removed...

please check
the proper
numberonthe
reader service
card for your
free copy.

Lambda
broadest line

laboratory power supplies

5- year guarantee on all bench and rack mounted
tor y test
and general purpose use.

ALAMBDA
ELECTFONICS CORP.

Company

515 BROAD HOLLOW RD. MELVILLE, N.Y. 11746
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If these new testers do half what we promise, it'd be well worth your time
and effort to prove it.

These testers cost tens of thousands less than other production test systems.
They fit under an airline seat, travel easily to field applications. They enable drastic
reductions in set-up costs by combining normal programming with psuedo-random
patterns, by being compatible with other logic testers. They dramatically increase
throughput on even the most complex boards by automatic testing up to 100 times
faster than other computer-controlled

testers. They significantly reduce The mOSt incredible

troubleshooting costs by providing

many more fault-isolation techniques. |ogic teSters

See? Half that would be extraordinary.

AH that is ordinary — with the new ever deVised?

MIRCO 500-Series Logic-Circuit Testers.

Join the growing list of companies Put gour beSt hands

who’ve put these testers to the test.

Then bought. on them-

I n c MIRCO SYSTEMS
INCORPORATED

2106 WEST PEORIA AVENUE « PHOENIX, ARIZONA 85029 + (602) 944-4691 « TELEX 668-403




THE RACK-A-TIERS




An open-and-shut case
for BUD RELAY RACKS.

When an installation calls for one relay
rack or a series of open, closed, small,
medium or large relay racks, Bud has
them! Better yet, your Bud Distributor
has them. In stock! Versatile, econom-
ical relay racks . . . designed and built
to give you that value and quality syn-
onymous with every one of Bud’s nearly
3,000 products. For the name of the Bud
Distributor or Representative in your
area, call (800) 645-9200, toll free.

flush with front.

OPEN RELAY RACKS.

Four types. Eleven sizes. Strong, solid
structures for mounting equipment when
a complete enclosure isn‘t required or
when easy access to components

is a must.

RR-1263 Series has
chassis-type base with
supporting angles. Up-
rights, %," steel channels
3” deep. Top plate,
16" x3%".

RR-1265 type ...a
heavy-duty relay rack
... is usually bolted to
floor. Base, two 14"
steel angles each 314"
x 5” x 2034"”. Cross
bars, 15” x 23%,” x 14"
steel angles.

RR-1367 Series has 8”-
deep welded U’ mem-
ber and triangular brack-
ets that hold uprights

to base. Integral panel
mounting rails on both
sides tapped 10-32.
Racks may be bolted
together in Add-A-Rack
fashion.

secure rear door.

RELAY RACKS.

panels without
damaging knobs,
switches and
controls. Take
19” panels.
Panel mounting

able to a depth
of 614" from the
front. Can be
combined into a
series using the
Add-A-Rack
system.

rails are adjust-

TABLE-TOP OPEN RELAY RACKS.

Chassis-type base holds heavy com-
ponents where table mounting is
required. Supporting angles provide
strength, rigidity. Panel mounting
rails recessed; 19” panels fit

RR-1248

CR-1774

L)
DELUXE RELAY RACKS.

Can be used to house a wide variety
of electronic equipment and control
systems. Well ventilated; take 19”
panels. Contoured front vertical mem-
bers have integral %,” panel mounting
supports, drilled and tapped 10-32.
Two-flush-type snap action catches

PRESTIGE BALL CORNER

Contoured upright members plus ease
of assembly make this Bud unit dis-
tinctive and economical. Clearance of
door and sides permits installation over

CR-2280

INFORMATION RETRIEVAL NUMBER 14
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CR-2174

SUPER DELUXE TWO-DOOR
| RELAY RACK.

This unit has a solid front door, louvered
rear door and sides. Adjustable panel
mounting supports may be moved back
to a point where distance between
rear and front panel is from
g9%to 15«

AR-1778

ADD-A-RACK SYSTEM.

System can be used to join Deluxe or
Prestige ball cornered relay racks. By
combining several Add-A-Rack assem-
blies, any number of racks may be
coupled for maximum use of lateral
space.

*The Housing Authority”’

BUD RADIO, INC.
4605 E. 355th St. Willoughby, Ohio 44094
216/946-3200 TWX 810-427-2604
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Leave it to our guys. They know you need
a variety of space-stretchers to make your
circuit-board packaging easier. And that'’s why
these DIP experts also make Beckman
RESNET ™ standard SIP networks in 28 pop-
ular varieties.

These thick-film, cermet SIPs (.780" wide,
.350" high, .090” thick) are standard 8-pin
types, dimensionally uniform and ideal for
automatic insertion techniques. Laser-tailor-
ing assures precise resistance values, and
every part is 100% tested.

Two convenient networks (see schematics)

MODEL 784 -1 MODEL 784-3

give you a 7-resistor model for applications
like pull-up or pull-down networks, and a 4-
resistor model for such typical uses as line
termination and LED current limiting.

Resistance values available in both versions
are 100, 150, 220, 330, 470, 680, 1K, 1.5K, 2.2K,
3.3K, 4.7K, 10K, 15K, and 22K.

And now for more good news. They're all
stocked locally by your Beckman/Helipot dis-
tributor, ready for immediate delivery.

Cost? Truly competitive, actually giving
you cermet quality at plastic prices.

Why wait? Let the new Beckman SIP line
start making things a lot easier for you. For
immediate literature or the phone number of
your Beckman/Helipot
representative, call
tollfree (300) 4374677, Ikt

Right now. HELIPOT DIVISION

INFORMATION RETRIEVAL NUMBER 15

ELECTRONIC DESIGN 24, November 22, 1974



A new digital phasemeter
that’s accurate to .05°?

.05° accuracy and .01° resolution

continuous precision measurement
from 0°-360.00°

no 0/360° ambiguity, right down
to readings as small as .01°

5 digit Sperry readout accuracy unaffected by amplitude differences

frequency range 10Hz to 5SMHz

DEGREES

iz}
and the best performance
recl y- at the best price,
only $1995.—
for immediate action call
(617) 491-3211, TWX 710
320 6583, or contact your

local KH representative,
listed below.

WLl cpoHN-HITE

CORPORATION
580 Massachusetts Avenue, Cambridge, Massachusetts 02139

SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ.,, Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505;
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS.,
Lexington (617) 861-8620; MICH., Detroit (313) 526-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.)., Haddonfield (609)
795-1700; N.M., Albuquerque (505) 299-7658; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, Cleveland (216)
261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX., Houston (713) 688-9971, Richardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Seattle (206)
624-9020; CANADA, Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619.
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Now
from

Dale...a new
generation of

Low Profile
Trimmers

Dale’s new 700 Series gives you the best combination of produc-
tion and performance advantages ever offered in a .250" low
profile package. Choice of Cermet or Wirewound Element...plus
good delivery and low price. b/

Available only
in black case.

Better Adjustability: Cermet models provide output resistance
of £0.10% and output voltage ratio of +0.05%.

Higher Power: All models offer 1 watt power dissipation at 70°C.
Low T.C.: 100 PPM for all cermet models, 50 PPM for wirewound.

Low Noise: Cermet models with 3% contact resistance
variation standard (1% available). Wirewound models
have equivalent noise resistance of 100 ohms max.

22 ELECTRONIC DESIGN 24, November 22, 1974



Largest
. Cermet
|  Element

covers nearly
entire substrate.
Enhances
setability

| and CRV.

| Provides 1
watt at 70°C.

Solid
Wiper
Block

with wire
spring-finger
contacts.
Maintains optimum
interface with
resistance element.
Provides low
contact resistance
variation and
reduces backlash.

Patented
Side
Collector

provides
excellent
setting
stability by
allowing use
of broader
element.

All Metal
Screw.

25-turn
adjustment.
One-piece
clutch
prevents
overtravel
damage.

99 cents each .. .o ...,

Samples available. Write today on company
letterhead describing

application...or call -

264-3131

DALE ELECTRONICS, INC.
1300 28th Avenue, Columbus, Nebr. 68601
In Canada: Dale Electronics Canada Ltd.
In Europe: Dale Electronics GmbH
8 Munchen 60, Falkweg 51, West Germany

A subsidiary of The Lionel Corporation

Improved 3 standard pin
spacings allow

PaCK?ge fast interchange
Density  with many larger

models.

1.00

S
~5aL F1
(19.05)

20

(5.08) F:ﬁ
50
(125

ol 8I°
S

PR S

D-2  Qur complete product line can be found in Electronic Design’s GOLD BOOK.
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The first¢t DPM
that transforms
into yourown

product by

simply plugging
in a P.C.card.

ANALOG INPUT
Configuration:

Dynamic Input impedance:
Common Mode Rejection Ratio:

ACCURACY/STABILITY
Accuracy:

Range Tempco:
CONVERSION TECHNIQUE
DISPLAY

DIGITAL SIGNALS

Logic Levels (all

inputs and outputs):

UNIVERSAL POWER INPUTS:

Operating Temperature:
Dimensions:

AN2553/AN2533 DESIGN SPECIFICATIONS

Bipolar balanced symmetrical
differential inputs

1000 megohms nom

80 dB standard, up to

160 dB optional

0.05% of reading +1 count
35 ppm of reading
Dual-slope integration

55” 7 seg. Sperry or.5” L.E.D

External Blarking, Hold,
Overload, Clock,Latch,
Carry, EOC, Polarity
100, 117, 220, and 240 VAC
RMS +10% 49 to 63Hz @ 2W
10°C to +60°C
DIN-STANDARD: 96mm
ezel width.x 48mm bezel
1t; 95.4mm max depth

NOTE: Model AN2553 offers adcitional capabilities

$89.00 Base Price AN2533 quantity 100

O Universally powered

[J True differential inputs

[0 Low power consumption

[J DIN Int’| Std. case size

[ Surprisingly low cost

O Bright self-illuminating
display

I High reliability

Build any required circuit
on the uncommitted analog
interface card we furnish.
Then just plug it into the spe-
cial powered signal interface
connector in our AN2553 372 -
digit DPM. It's that easy to
incorporate the value-added
options that make your prod-
uct more profitable. ..or spec-
ify application requirements,
and we'llbuild them in before
shipment.

Either way, you can get
interface and signal condi-
tioning flexibility never avail-
able before—including lin-
earized thermocouple cold-
junction compensation, load
cell transducer excitation,
auto ranging, current shunts,
active multiple filtering—-virtu-
ally any functional add-on, in
fact, that you need. And, be-
cause the circuit card fits
right in the internationally ac-
cepted DIN standard pack-
age your system or instru-
ment is simplified and much
more economical and there's
less to debug.

We've put in power and
space for an optional digital
circuit card, too. So you can

add isolated and buffered
parallel BCD output, linear-
ization, and set point control
...go all the way and ex-
pand the basic DPM up to the
subsystem level—at the low-
est cost.

Don’t need all the flexibil-
ity? Order the even more eco-
nomical, general-purpose,
basic AN2533. Fill all your
3%z digit DPM needs with the
exceptionally high quality and
reliability ensured by premi-
um-components, worst-case
design techniques, low parts
count, and the cool-running
generously derated operation
that has made Analogic the
number one supplier of OEM
digital panel instrumentation
in the whole world.

Write for more informa-
tion: Analogic, Audubon Rd.,
Wakefield, Mass. 01880;
phone (617) 246-0300.
Northeast, 617-235-2330, 203-966-2580,
315-466-0220, 201-652-7055,
212-947-0379
Mid Atlantic, 215-272-1444,
215-687-3535, 703-790-5666,
301-252-8494
Midwest, 314-895-4100, 913-362-0919,
216-267-0445, 513-434-7500,
313-892-2500, 412-892-2953,
312-283-0713, 414- 786-6950,
317-844-0114
South, 713-785-0581, 214-620-1551,
305-894-4401, 919-227-3639,
205-534-9771, 305-773-3411,
813-867-7820
West, 303-744-3301, 505-523-0601,
602-946-4215, 505-292-1212,
714-540-7160, 415-398-2211,
206-762-7664, 503-643-5754,

Canada, 613-836-4411, 604-688-2619,

416-499-5544, 514-636-0525,
902-434-3402

ANALOGIC =

... The Digitizers
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Centralab

PEK- - HEVES

To get the latest generation component,
engineers are saying Selectashaft--
before they say rotary switch.

THE SELECTASHAFT SYS-
TEM consists of preassembled
standard rotary switches and a
series of individual exact shafts.
Factory trained Distributors, us-
ing specially designed equipment,

Distributor assembly of this
mechanically superior
rotary switch gives them

instant delivery on over
100,000 custom assemblies
and eliminates secondary
modification costs.

If you’re specifying or buying ro-
tary switches, your Centralab Se-
lectashaft Distributor would like
to let you compare this totally
new switch with any old style
switch. One sample is all you’ll
need to see how it can meet cus-
tom specifications yet save from
3% to 17% on total cost, depend-
ing on switch type and quantity.

THIS CATALOG, available from your Dis-
tributor, gives complete specs, dimen-
sional drawings, circuit diagrams and
easy ordering instructions. Ask for it.
You'll find the answers to your design

assemble these parts to meet cus-
tom requirements. You choose
from three shaft styles — .250"”
plain round, .218” and .156" flat.
There are 24 shaft lengths, .687”
to 2.375"” and 24 shaft flat angles
in 15° increments. You select from
92 subminiature and miniature
switches — 1”, 1.325” and 1.500”
diameters; diallyl phthalate, phe-
nolic or ceramic sections. You
have your choice of knobs, dial
plates, index assemblies and hard-
ware. You get the design freedom
of over 100,000 pessible custom

and delivery problems. switch combinations. O

Selectashaft is the first name for
rotary switch. Electrically equiva-
lent to our famous PA-Series
switches, it’s the latest generation
component. Mechanically superior
to any old style rotary, it gives
you adjustable torque, better feel
and longer life. It uses a new dual
ball, side-thrust index, and incor-

ASK FOR SELECTASHAFT ROTARY SWITCHES
AT THESE CENTRALAB DISTRIBUTORS:

CALIFORNIA INDIANA NEW YORK
Abacus Electronics Radio Distributing Co., Inc. Peerless Radio Corp.
Mountain View 94040  South Bend 46624 Lynbrook, L.|. 11563
415/961-1500 219/287-2911 516/593-2121

; Ra-Dis-Co, Inc. & Dictri
Elmar Electronics Inc. g e Summit Distributors
Mountain View 94041 |ndianapolis 46202 Buffalo 14202

PENNSYLVANIA
Cameradio Electronics
Pittsburgh 15222
412/288-2600

Herbach & Rademan, Inc.
Philadelphia 19134
215/426-1700

porates an adjustable stop ring in- 415/961-3611 317/631-5571 716/884-3450 ;rl:g:age:p::@a Elgelctt)r;mics Inc.
stead of the old style stop tabs. Kierulff Electronics Inc.  NANSAS pede pus
There are no modification prob- Los Angeles 90022 Radio Supply Co., Inc.  NORTH CAROLINA v atica
P 213/685-5511 Wichita 67211 Kirkman Electronics TEXAS v
lems — no bare metal to rust or 316/267-5214 Winston-Salem 27108 Harrison Equipment Inc.
corrode, no scrap, no loss of war- COLORADO MASSACHUSETTS 919/724-0541 ;‘?53502"47s>7103()14
1 - Acacia Sales, Inc. Wilshire Electronics/N.E. “
ranty and no secondary mpdlﬁca i po b Cambridge 02138 OHIO Tese Inctninints Sindhy
tion cost. You get everythmg you 303/232-2882 617/491-3300 [E)sco, Ingg?gated Dallas 75235
need — exact shaft length, end de- Sis MICHIGAN 5‘,’%‘,"2“26_“33 gl“tfh 238':"3“” R
1 i FL RS Electronics outhwest Electronics Inc.
tail ?nd ?haft flat angle without Electronic Equipment Co. Detroit 48227 Pioneer-Standard Electronics  Stafford 77477
modification. And, when you con- Miami 33142 313/491-1012 Cleveland 44105 713/494-6021
sider the cost savings, the reasons 305/871-3200 MINNESOTA 216/581-3600 WASHINGTON
= lammond Electronics Gopher Electronics Co. Stotts-Friedman Company Almac/Stroum Electronics
to say Selectashaft — before yoﬁ Orlando 32802 St. Paul 55113 Dayton 45402 Seattle 98108
say rotary switch—are clear. As 305/241-6601 §12/645.0241 513/224-1111 206/763-2300

for a sample and see.

INFORMATION RETRIEVAL NUMBER 19



Radial leaded monolithic
ceramic epoxy coated
capacitors designed for
maximum performance
... at low cost

Blue
Ribbon
Quality

Expanded production lines rush
even the largest orders through
— without losing any of the
award winning quality that has
given Varadyne top production
honors in the capacitor field.

e

We Deliver
Lickety-Spilit!

You name the date and you'’ll
get off-the-line delivery — as we

promise it — when we promise it.

And we cut standard part
delivery time to an absolute
minimum through our network
of 13 nationwide distributors.

Clover Caps

Rugged capacitors . . . Mass
produced by our proprietary
manufacturing process and

completely sealed in epoxy.

Harvest time at Varadyne! Plenty
of varieties to please even the
most finicky engineer. Prices that
will appease the toughest
purchasing agent’s craving for
savings. Millions, stamped
“Grade A” by Varadyne Quality
Control inspectors, in stock, now!

Capacitances range from 2.2 pF
to 4.7 mFd and meet applicable
requirements of MIL-C-11015.

Available in 50 and 100 volt
configurations in three ceramic
formulations: Type BN (Ultra
Stable NPO); Type BR (Stable
15% TC); Type GM (General
Purpose X5V-Z5U).

In six sizes, ranging from the
smallest capacitor, measuring
only .100 x .100 x .100 to the

largest, .500 x .500 x .200 in size.

Solder coated, copper clad steel
leads. 1.25” min . length.

Complete electrical and physical
interchangeability with all other
radial leaded monolithic coated
capacitors.

VARADYNE

Varadyne Industries, Inc.

Harvest our
Literature

Gather sheaves of technical data
describing our radial leaded
Clover Caps, axial leaded G-2
Caps, and a passel of other chip
capacitors and resistors.

Tell us your special
requirements and we’ll
send you applications
information and
evaluation samples@
of our products
that will

meet your
needs. Just
write Varadyne
Industries, Inc.,
1547 18th St.,
Santa Monica,
Calif. 90404, or phone:
(213) 829-2984

Get Lucky! Free
4-Leaf Clovers

An honest-to-gosh
4-leaf clover,

preserved in a
plastic thing-a-ma-
bob that sticks to
your telephone base. Keeps

a genuine dialer knob topped

pen within easy grabbin’. Sent to
qualified engineers who ask for
it — long as we got a supply!

1547 18th St., Santa Monica, California 90404
Phone: (213) 829-2991+ TWX (910) 343-6856

We’ve learned a lot!
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Clues to next IBM computer
point to major advances

A picture of IBM’s next major
computer system has, according to
IBM watchers, been pieced togeth-
er from two sources: information
revealed in 1971 documents gath-
ered in Telex Corp.’s antitrust suit
against the computer giant and
evaluation of IBM’s own announce-
ments over the last three years.

The IBM system that will fol-
low the 370 will have substantial
changes and will include the fol-
lowing features, it is believed:

m A distributed architecture.

m Multiple processors.

m A hierarchal memory system.

® A virtual system throughout.

m A very broadband data bus,
with possible use of fiber optics for
the bus.

m Bubble memories or charge-
coupled devices as backing stores
for the main memory.

m Advanced silicon technology
in the form of substantially higher-
density chips using merged transis-
tor logic (MTL)—a low-cost bi-
polar concept—and integrated in-
jection logiec (I2L)—a new
approach to LSI.

= Substantially higher levels of
redundancy and diagnostics.

Distributed architecture

“We see, in the follow-on system
to System 370, a distributed archi-
tecture,” says Lee H. Walther, di-
rector of the computer equipment
group at Quantum Science Corp.,
Palo Alto, CA. “The new system
will have a very wide-band I/0
bus, which will be the primary
element within the system. Essen-
tially everything in the system is
connected to this, including a num-
ber of different processors.

“One processor would be the in-
struction processor, with its own
memory of 256-k bytes. The memo-
ry would be extremely fast and use
either bipolar or I2L technology.
These instruction processors would

be microprogrammable in order to
execute higher-level languages.

“Another class of processor is
called the file processor, which will
be the primary means for staging
of data in another feature—the
hierarchal memory system.”

The file processor would contain
a 5-MHz, 256-k byte buffer, prob-
ably using 4-k chips, Walther says.
Attached to the file unit will be a
bubble memory with a capacity of
five million bytes, block-addressable
in 256-k bytes, Walther believes.
Access time, he says, will be be-
tween 300 and 600 us.

The next staging device in the
hierarchal memory system is code-
named the Apollo dise, Walther re-
ports. It would store one million
bytes of data, with an access time
of between 10 and 20 ms. And the
final stage in the hierarchy is ex-
pected to be the IBM 3850 mass-
storage system, which can retain
472 million bytes with access time
from 2 to 8 sec.

Walther sees the main system
memory as a very large, principal-
ly MOS store, block-addressable in
256-k-byte blocks. It would use
from 32 to 64-k chips.

The main memory, Walther
says, will be the final staging po-
sition for data and program stor-
age prior to the passage of a block
to several individual processors
that are part of the system.

The operating system is expected
to be resident in a master-control
processor. Other system processors,
according to Walther, include a
370 emulator, a sensor processor
to handle the conversion and proc-
essing of analog signals to digital
form. and a communications proc-
essor.

User maintenance seen

A. G. W. Biddle, executive di-
rector of the Computer Industry
Association, Encino, CA, sees the
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future IBM systems as containing
distributive computing on a net-
work style, using multiple parallel
processors.

“It will probably be designed to
be relatively easy to add incre-
ments of memory or computing ca-
pacity on a customer’s site,” Biddle
says.

“A significant portion of com-
puter maintenance will be shifted
to the user. IBM will probably link
the user to a sophisticated diagnos-
tic system operated from one of
IBM’s facilities.”

The user, in effect, will be able
to dial into the center, Biddle says.

IBM’s announcements of over-
all architecture and software have
defined its next systems, says Fred-
erick G. Withington, senior staff
member at Arthur D. Little, Cam-
bridge, MA.

IBM’s recent announcement of
the 3850 file-storage system reveal-
ed a self-contained file subsystem
with virtual file management, plus
the software to make it possible,
Withington points out.

“This subsystem is a part of
IBM’s future system, either exact-
ly as is or with some new hard-
ware,” he asserts.

An IBM announcement on “sys-
tems network architecture,” relat-
ing to communications and termi-
nals, revealed a complete subsystem
of software and machinery from
the software section of the central
computer out through the con-
troller and its software, the line
disciplines and some of the ter-
minals. Withington notes that IBM
promises that if the network archi-
tecture is adopted for communica-
tions by a customer, it will remain
essentially unchanged down
through the next line of computers.

32-k words squeezed
into one core memory

A look at the first memory to
pack 32-k words of core into a
single module should remove any
doubt about the vitality of core
memories.

Developed by Modular Computer
Systems (Modcomp), Ft. Lauder-
dale, FL, and unwrapped at the
recent Instrument Society of
America show in New York, the
new memory not only cuts space by
a factor of 2, according to its de-
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signer; it reduces the cost of mini-
computers by 18 to 27% and offers
potentially greater reliability.

The designer, Thomas Hughes,
notes that until now, 16 k was the
largest-core memory available on
one board. But Modcomp saved
real estate and boosted density by
developing a double-sided planar
stack and using a single X-Y drive
and a unique dual-inhibit scheme
for the sense windings.

With 32-k words on one board,
the number of interconnections are
cut, and auxiliary electronics are
reduced substantially. For example,
only 28 X-Y drivers are needed,
compared with 80 for two 16-k
boards. Thus, says Hughes, money
is saved and the reduction in com-
ponents and connections increases
inherent reliablity by a factor of 2.

The benefits of the new memory
are realized in six new Modcomp
minicomputer systems that have
been built around the module and
in a software package called Max-
net, which enables computers to
be linked in distributed networks.

CIRCLE NO. 318

A White House office
of science backed

A raft of bills to reinstate a
science and technology office in the
White House have been introduced
in Congress, and finally one has
surfaced from committee and been
approved by the Senate—S. 32.

In addition to offering a frame-
work for corrdination of the na-
tion’s research and development ac-
tivities, the measure would author-
ize the creation of a three member
council of advisers by the Presi-
dent. The advisers would be full-
time.

Four-in-one calculator
has pROM modules

A ‘““design-it-yourself” scientific
calculator comes with four plug-in
pROM modules. By inserting a
module in a receptacle at the bot-
tom of the machine, the user can
convert the calculator into an elec-
trical engineering tool. Remove it
and replace it with another module,
and the machine becomes a sur-
veyor’s slide rule.

The calculator, the PC-1002, was
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introduced recently by Sharp Elec-
tronics Corp., Paramus, N.J. The
pROM module incorporates a 256-
bit custom-designed chip from
National Semiconductor whose pro-
gram is controlled by four extra-
function calculator keys. When in-
stalled, the pROM becomes part of
the calculator’s hard-wired system.
With different modules, the funec-
tions of the special keys are
changed, converting the calculator
to any user-specified application.

Sharp says it will design and
manufacture special pROM mod-
ules to order. Standard chips are
now available for four applica-
tions: statistics, mathematics,
metric conversion and surveying.
Currently in preparation are addi-
tional applications covering struc-
tural and electrical engineering
and machine design.

Apart from the pROM function,
the PC-1002 can be keyboard-pro-
grammed up to 64 steps. The 15
functions provided by the calcula-
tor include trigonometric, inverse
trigonometrie, hyperbolic, Jexponen-
tial, factorial, logarithmic, power,
azimuth and area calculations.

The three-pound PC-1002, which
comes with one standard pROM
module, sells for $645. Each addi-
tional module costs $75.

CIRCLE NO. 317

2 new RCA RAMs
to use SOS/CMOS

RCA plans to introduce two
1024-bit static RAMs that employ
silicon-on-sapphire (SOS), com-
plementary-MOS (CMOS) tech-
nology as a low-power alternative
to higher-speed bipolar memories.

According to Hank Miiller, di-
rector of MOS IC products in
Somerville, NJ, the SOS/COSMOS
(RCA’s name for the ICs) memo-
ries will dissipate only 15 mW
when operating at 1 MHz from a
10-V supply. Comparable bipolar
memories can yield higher speeds,
Miiller says, but they consume
about 500 mW, or 30 times more
than the SOS device.

The two new memories differ in
organization. The first, which is to
be offered next June, has a 1024 x
1-bit scheme, while the second—
targeted for an August debut—has
a 266 x 4-bit scheme. Both units
have a typical access time of 125

ns when operated from 10-V sup-
plies. Shorter access times will be
offered with different output-struc-
ture options, Miiller says, and
samples will be available early next
year.

The new memories will also
have pinout compatibility with
some popular bipolar memories.
The SOS/COSMOS RAMs will fea-
ture single-supply operation over a
wide range, and they will permit
simplified memory expansion

through the use of chip-select lines,

which won’t have to be clocked.
An unusual feature of the ICs’
fabrication is the use of silicon-
gate techniques in addition to SOS.
Both approaches reduce parasitics,
and hence increase speed. However,
with self-aligning silicon gate Miil-
ler explains, the product has in-
creased reliability and yield.

Flat-panel displays
due in 1980 cockpits

Air Force requirements for in-
strumentation in the cockpits of
1980 aircraft call for a flat-panel
multifunction display. Light-emit-
ting-diode matrix displays are
leading contender. :

The first such prototype display
has been delivered to the Flight
Dynamics Iaboratories at Wright-
Patterson AFB, OH, by Litton
Data Systems, Van Nuys, CA. It
is 1/2 by 3/4 in. and contains a
matrix of 32 x 48 diodes. Ac-
cording to the Air Force, the pro-
gram goals are a 5 X 6-in. display,
200 ft-L brightness, low-power op-
eration and maximum panel thick-
ness of 2.5 in.

Current requirements also call
for a single color (green) and
digital addressing.

Litton’s approach, according to
Alvin L. Riggs, manager of dis-
play technology, is to build the dis-
play from 1 x 1-in. modules,
placed side by side to create a dis-
play of any desired size. Each mod-
ule has 64 x 64 diodes on it.

“We are currently using gallium-
phosphide diodes from Monsanto in
St. Louis,” Riggs noted. “Each
array is monolithic on a single sub-
strate.”

Addressing of the matrix is one
column at a time in steps across
the module. The scan rate is 400
Hz.
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Putit all together
with Buchanan
Printed Circuit Board
Connectors - and
eliminate 4 connection
points per circuit!

Here’s a new solderless printed circuit connector that eliminates
hybrid interfaces between electrical and electronic circuitry. It replaces
costly interwiring between terminal blocks, barrier blocks, and internal
electronics...saves you up to 4 or more separate connection points
per circuit!

With only a screwdriver and this new Buchanan one-piece connector,
you can quickly connect solid or stranded wires, #12 through #30 AWG,
to standard .200" contact-spaced printed circuit boards. The connector
block is available for 12, 18, 24, 30 and 36 circuits; provides 300V §
insulation spacing between circuits; can carry up to 5 amperes per
circuit; and is flame-retardant.

e

A unique right-angle design provides mounting flexibility and
increased density, and the block can be mounted against any two
adjacent panel sides if desired, since wire entry is all on one side. You
can even ‘‘daisy chain” two or more conductors! ¢

For complete engineering, pricing and ordering information, write
us at Dept. ED-4. 3

CONTROL PRODUCTS | Control Products Division
DIVISION | 2330 Vauxhall Road we

Wesa | Amerace Corporation
|
]




Announci

the 120-
nanosecond

- 1103 with

a'l-day |
access time!




We took the most popular 1K semi-
conductor RAM ever built and made it
smaller and faster.

The result is the S1103-X. At 120
nanoseconds, it the fastest member of
the world’s quickest 1103 family.

And it has another feature that’s unique
to our RAMs: guaranteed 7-day delivery!
Within a week, you can start putting more
speed into your systems.

Guaranteed quantity, too!
Our production lines in Santa Clara and
Pocatello are turning out 1103 circuits so

fast that we can ship any number you need.

This year, we have already produced
millions of them.

And our whole 1103 RAM family has
several unique characteristics that are
worth remembering.

If your system has trouble with pattern
sensitivity like the Bodio effect, our circuit
will eliminate it. It automatically solves
tewproblems, too, which gives you more
flexibility in systems design.

And having the largest and most
experienced RAM testing capacity in the
industry, we cut down your incoming test
problems.

Our spectaular specs!

In addition to the super-fast S1103-X,
there are three RAMs in this AMI line—
the S1103, S146 and S1103-1.The
difference between them is speed. They

have access times of 300/205/150 ns
respectively and fast cycle times of
580/390/360 ns.
Other memorable features of our 1103

family are:
* Full internal decoding
* Or tie capability
» Chip enable for low power distribution
* Simple memory expansion
* Input protection against static charge
» 2 msec refresh period
* 18 pin plastic or ceramic dual-in-line

package
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More good news

S1103-X Block Diagram

Call now for immediate
delivery!

For fastest possible access to our 1103
RAM:s, call or write Frank Rittiman, AMI,
3800 Homestead Road, Santa Clara, CA
95051. Phone (408) 255-3651. Or get
your distributor to truck some over.

Hes got all you can handle.

from AMI

AMERICAN MICROSYSTEMS, INC.
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a great new
way to ‘““pick”

CHERRYS

this new 72-page
Cherry Products Handbook is act
five catalogs in one.

Packed in a unique new ‘‘tell-all” format is everythlng you could possibly want to know about
Cherry’'s: 1. Unique Snap Switch Selector-Locator that lets you choose—in seconds!—the
right switch for any application. 2. Thumbwheel and Leverwheel Switches in nine basic
series available in hundreds of variations and specials. 3. Keyboards . . . Keyboard Switches

. and unique new Matrix Keyboards. 4. Matrix Selector Switches for rapid circuit selection
and programming. 5. Gold “Crosspoint’’ Contact Switches for low energy circuits.

.. and it’s yours for the asking: Just TWX 910-235-1572. .. AN\ - or PHONE 312-689-7702 and ask for Frank
CHERRY ELECTRICAL PRODUCTS CORP.
3600 Sunset Ave., Waukegan, IIl. 60085

Cherry affiliates worldwide * Hirose Cherry Precision Co., Ltd., Tokyo * G. W. Engineering Pty. Ltd., Sydney
Cherry Electrical Products (U.K.) Ltd.. St. Albans, Herts * Cherry Mikroschalter GmbH, Bayreuth, Germany




-
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‘report

A bigger EIA sees defense spending rising

The electronic industry will have a stronger voice by the turn of the
yvear when the Association of Electronic Manufacturers merges into the
Electronic Industries Association. The signing ceremony took place at
the final convention of the AEM in Miami, and the merger becomes effec-
tive Jan. 1. At that time the approximately 100 company members of
AEM automatically become members of the EIA.

At the EIA’S recent 50th annual meeting, members were advised that
total Dept. of Defense spending would increase 33% between 1975 and
1980 to total approximately $16.7-billion. The largest gains, the EIA pre-
dicted, will go to ships and operations and management areas. Inflation
is expected to account for approximately $4-billion of the increase.

Electronic markets for Federal agencies involved in civilian affairs,
such as the Dept. of Health, Education and Welfare, the Federal Aviation
Administration and the Environmental Protection Agency, will increase
by 88% between 1975 and 1980, the EIA forecasts.

Proposal would help military attract engineers

An assist proposed for the All-Volunteer Armed Forces could swell the
ranks of engineers and scientists by opening up educational opportunities
for young people.

Sen. W. E. Brock (R.-T.N.) has introduced a bill to create a Reserve
Enlisted Training Corps. It would set up technical academies in the armed
forces that would be essentially two-year junior colleges. Students would
be able to study electronics, aviation mechanics, space sciences, nuclear
energy and other fields. Graduates would serve four years in the armed
forces. As a further incentive towards training more degreed engineers
and scientists, the bill would provide a scholarship service similar to that
now used to obtain personnel for health services.

Air Force to scrutinize its avionics

The Air Force can be expected to look even more closely at the avionics
it buys, for the simple reason that’s where it is increasingly putting its
shrinking money. The Secretary of the Air Force, John L. McLucas, says
that recent studies have shown that 30% of a new aircraft’s procurement
cost can be attributed to its electronics configuration. Over $3-billion
annually is now devoted to development, procurement and maintenance
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of electronic systems for aircraft, missile and space applications.

For decades, military applications have been the driving force for indus-
trial technology in many areas, but the Secretary notes that the civilian
world is going increasingly electronic. As an indication of the impact of
the consumer market, he points out that the Federal Government’s share
of the electronics market has dropped from two-thirds in 1960 to one-
third this year.

Avionics now represent 4% of the total market, and the Air Force is
revising its development and procurement strategies. Along with the quest
for performance, the USAF will emphasize reliability. Electronic systems
have become more costly, the Secretary notes, but there hasn’t been an
equivalent increase in reliability. Although component reliability has in-
creased, over-all reliability hasn’t, largely because of greater system
complexity.

When is a grant really a contract?

Federal financial finagling is under fire. The Senate recently passed a
bill designed to discipline and control the way Federal agencies spend
about $100-billion annually through direct contracts, grants and grant-in-
aids. At issue are practices under which the agencies, faced with deadlines
for spending budgeted funds before a fiscal year expires, may award
grants to manufacturers instead of obligating them under contracts.
Sponsored by Sen. Lawton Chiles (D-FL) the legislation aims at elimi-
nating such abusive practices by setting up standards under which a
contract, a grant or grant-in-aid agreement could be employed.

Senator Chiles says: ‘“Federal agencies admit that they arbitrarily swap
contracts for grants to beat the system, to avoid the requirements of law
placed on contracts and to get rid of their budgeted funds before the fiscal
year runs out. There are good and valid reasons for using both contracts
and grants, but we are long past due ending the purposeful misuse of
these procedures and the waste of funds that has resulted.”

capital Capsules: The Air Force, which has set new standards for electronic connec-
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tors and multiplex busses, is now focusing on standardization of microcir-
cuits. With the Navy, the USAF is working on a Standard Electronic
Module program, electronic building blocks, to simplify logistics and gain
economies through volume buying. . . . NASA officials say that the com-
munications requirements for the joint U.S.-Soviet space mission next
yvear will include nine voice circuits and three teletypewriter circuits, with
the ATS-6 satellite serving as the space link. . . . The Federal Communi-
cations Commission has turned the spotlight on manufacturers of electro-
magnetic-radiation sensors. Seems that in a recent check, the products of
seven of 10 manufacturers didn’t comply with the requirements in effect
at the time they were certified. The FCC has issued an order to the seven
to show cause why their authorization for the devices shouldn’t be pulled. . . .
The National Science Foundation is looking for firms or organizations to
do solar photovoltaic energy research in two areas. One would be a broad
evaluation of potential terrestial applications, including selection of opti-
mized systems having greatest potential; the second would be the design
of an experimental state-of-the-art multikilowatt solar electric generator.
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Time Interval Readout,
a Digital Multimeter,
and Your Choice of
Oscilloscopes---
All in One Portable
Instrument

Complete Measurements

Direct digital readout of time intervals with
improved resolution, 1% accuracy, increased
freedom from error, and greater operator con-
venience. Dc voltage measurements with an ac-
curacy of 0.1%. Resistance measurement with
0.75% accuracy. Temperature measurement from
—55°C to +150°C. A built-in DMM adds all of
these capabilities to the Tektronix laboratory
quality, dual channel, delayed sweep Portable
Oscilloscopes.

Since the DMM operates independently of the
oscilloscope, you can monitor temperatures or
dc voltages while simultaneously displaying
waveforms.

Price/Performance and Choice
You can select the optimum Portable Oscillo-
scope/DMM for your application from four high
performance models. They all provide outstand-
ingly cost-effective measurements in the labora-
tory, in production, and in the field.

100 MHz bandwidth, 5 mV/div vertical sensitivity,
and a built-in DMM make the 465 DM43 a price/

.. .
/7 Time Interval

Resistance

performance leader at $2470. The 475 DM43 ex-
tends these capabilities to 200 MHz at 2 mV/div
for only $3225. The unique 466 DM43 combines
fast transfer storage to 100 MHz (1350 cm/us
stored writing rate) and variable persistence stor-
age with a built-in DMM in one rugged portable
instrument for $4555. If your application doesn’t
require the full 1350 cm/us stored writing rate,
the 464 DM43 offers all other features of the
466 DM43 for only $3925.

More For Your Money

Prices for all of these instruments are for com-
plete functioning units including probes. And
Tektronix extras such as precision dc voltage
measurement, temperature measurement, resist-
ance measurement, trigger view, and scale factor
readout add still more value for your instrumenta-
tion dollar.

To find out more about these innovations in port-
able instrumentation, contact your local Tek-
tronix Field Engineer or write: P.O. Box 500,
Beaverton, Oregon 97077. In Europe write: Tek-
tronix, Ltd., P.O. Box 36, St. Peter Port, Guern-
sey, C.l., U.K.

TEKTRONIX

committed to
technical excellence
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Dialight
sees a need:

(Need: The widest choice for your every appl! ication.)

( aial 521-9205

521-9202

— . 521-9165

2’[
2 l ¢ .500” |
L0454, (MIN.)

.240”
Now available in green, yellow and red. Mini-sized for
maximum front panel density and easy panel mounting.
High luminous intensity, low cost. Vibration/shock resist-
ant. Solid state for long life. Wide viewing angles. Ideal
for applications like panel lighting, film annotation and
alpha-numeric displays.

|<oul

550-0204

550-0405 550-0306

|
1 1

-~ |- -100”\ -—"‘-.ozo'f e

Mix 'em or match 'em. LED logic state fault indicators
are available in red, yellow and green, in a variety of
shapes, some with a built-in integral resistor. Can be
driven from DTL and TTL logic. Designed for easy align-
ment on PC boards so that multiple functions can be
displayed.

|- .343”
——' .030”
521-9184

o m . ;‘.430'—>L—.550”MIN.——|

I 521-9183

Available in red or clear LED packages with or without a
built-in current limiting resistor. Red LED is also made
without resistor. Suitable for circuit status indication,
alpha-numeric displays and visual indicators. Features
long wire-wrappable leads. IC compatible with solid state
reliability. High luminous intensity, low power consump-
tion, low cost.

l:o.soo" MIN. —>|

-

521-9189

Your choice of green, yellow and red, with axial leads for
dense packaging requirements. Wide viewing angle for
easy readability. Low power consumption, low cost, IC
compatible. 10mA operation for typical brightness. Size
is identical to the most popular red LEDs.

.045” I:
.096"—>| l__ .200” —>|

.250”

LED logic state fault indicators available in 14 models
with voltage ratings from 1.7 to 14. Suitable for dense
packaging on printed circuit boards—up to 10 units to
the inch—IC compatible. With built-in series resistor.
Polarity identified. Low power consumption.

Dialight, the company with the widest choice in
switches, LEDs, indicator lights and readouts,
looks for needs . . . your needs . . . and then they
develop solutions for your every application. No
other company offers you one-stop shopping in all
these product areas. And no other company has
more experience in the visual display field.
Dialight helps you do more with these products
than any other company in the business, because
we are specialists that have done more with
them. Talk to the spe-

cialists at Dialight first. [7//ALIGH T
You Won,t have to talk Dialight, A North American Philips Company
to anyone e|se. 203 Harrison Place, Brooklyn, N. Y. 11237

(212) 497-7600

ee
Dialight.
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STABLE DIGITAL DISPLAYS-

+

TWO
EASY
WAYS

Logic

Triggered Displays

Stable oscilloscope displays of asynchronous logic
sequences are easily achieved with a trigger from
the 821 Word Recognizer. And the 821 will work
equally well with synchronous sequences that have
no single unique sync point. As a trigger generator
the 821 combines your choice of input logic signals
to produce a single output pulse. Appearance of a
specific op code in an instruction register, a pre-
determined count from a digital counter, or the
occurrence of a special set of logic levels at your
system inputs can all be used for jitter-free oscillo-
scope triggering.

And the versatile 821 serves as a logic ‘“‘baby-
sitter” to indicate whether a selected combination
ever occurs, as an indicator of word presence or
absence at strobe time, as a strobed four channel
logic probe, and as a four channel logic level
driver for troubleshooting static logic. All of these
valuable logic diagnostic aids are offered in one
pocket-sized unit for only $200.

Delay By Events Trigger
Select and display any
data segment in a disc,
drum, or tape memory.
Examine serial data
transfers. Study serial

transmission. Jitter-free,
delayed oscilloscope trig-

gers for all of these appli-
cations, and many more involving long pulse trains,

are easily obtained with the TEKTRONIX DD 501

Digital Delay. By basing the delay on a count of

input digital events rather than an analog time, the

DD 501 eliminates jitter due to mechanical speed

variations or other clock irregularities.

Easy thumbwheel selection of any delay count
from 0 to 99,999 provides quick positioning of the
desired data segment on the oscilloscope screen.
Versatility has been assured by making the DD 501
compatible with all logic families. The DD 501
plug-in can be housed in any TM 500 Series Power
Module. It is priced at only $495 plus the Power
Module ($125 for the TM 501 shown above).

For more information on stable digital triggering
the easy way contact your local Tektronix Field
Engineer or write: P.O. Box 500, Beaverton, Oregon
97077. In Europe write: Tektronix, Ltd., P.O. Box
36, St. Peter Port, Guernsey, C.I., U.K.

TEKTRONID
- committed to
technical excellence

INFORMATION RETRIEVAL NUMBER 26

ELECTRONIC DESIGN 24, November 22, 1974

FOR DEMONSTRATION, 282

37



lowestprice .

.full line "of 225 Series edgeboard con-
«nectors. Some manufacturers offer a similat
- tonnactor with-a 10 or 15 microinch gold flash
t comparable prices. But if you peed gold,
~make sure you get at least 20 microinches of
.. gold plate. Amphenol’s. got it.

=

: Ah’ipﬁénof hés a pfinted'b(;ard connector priced
“for your application. That’s because we offer the

« - same connector line with 20, 30 or 50 micro-

inches of  gold plating. Our 225 Series, bellows
contact edgeboard connectors let you design to
the price level that best suits your needs.
Whether your application calls for a tost-
saving €ommercial connector, or the very best
~.connector money. can buy, we've got you cov-
ered. From six to 100 contagts." In five different

»

.

20 microinches of gold. Amphenol hasa .

P Industrial- gold—
‘medium price X
- 30 microinches of gold. More critical “indus-
trial applications may need a heavier gold plat-
ing .on the contacts and. a“ stronger dielectric
material, like our industrial grade 225 Series con-
nectors. Gold plated beryllium copper contacts and
a glass fiber reinforced diallyl phthalate body make
this the connector for all but your toughest jobs.

~ Strike gokd

contact configurations. Four mounting types. And
seven tail styles for solder or wrapped termina-
tions. Taper pin and Crimp Poke Home® termina-
tions give you additional versatility where you
need it. ' :
Amphenol 225 Series connectors are available
in_more places than any other brand, too.
Because Amphenol has the largest network of
stocking distributors in the industry. There’s one
nearby ‘waiting for your call. Delivery is now.



premitm i e T

- 50 microiriches of gald. Your toughest jobs may require . - -
-a.cg'qne'clor qualified to MIL-C-21097 C/21—like our mili-
tary grade 225 Series connector line: A full jo microinch gold -
plating over beryllium copper contacts and our best dielectric * . - ¥ R e ey
means this connector will stand up to the .most severe operating DI e SR SR
conditions. It’s our best connector for your toughest jobs. N iR T A i SV 3

Or strike bright tin/lead.
If economy is most important, find out about our
bright tin/lead contact plating.” Performance
compares favorably with light gold, but the price
is lower. Eliminating gold plating on your printed -
boards will cut-costs even further. *
: Find all the options. Write or call for our

.~ 36-page catalog (PC-6). Amphenol Industrial
Division, 1830 S. 54th Ave., Chicago, |ll. 60650— " : ey ~e
312/242-1000: s, s b T — .

.
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Faster and smarter
measuring tools ease
the designer’s load




The single, most pervasive influence on
instrument design and selection today is
the increased use of digital IC technology.
Although most front-end operations con-
tinue to be performed by traditional analog
circuitry, the invasion of SSI, MSI and LSI
devices are making possible classes of in-
struments that are orders of magnitude bet-
ter in performance, smaller in size and
smarter than their predecessors.

Such digital ICs as ROMs, microproces-
sors and PLAs are creating instruments
with internal memory, numerical readout
of key measurements and capability for
real-time analysis. A whole new class of
smart instruments has emerged that not
only perform traditional measurement func-
tions but that also store data, compute av-
erages and provide summary results.

Among the new instruments that have
been developed in the last year and a half
are logic analyzers, pattern analyzers and
word recognizers. These instruments are
designed to do one job: to monitor and
troubleshoot logic systems.

Another trend is the redesign of in-
struments that once were BCD (binary-
coded-decimal) programmable to be ASCII
(American Standard Code for Information
Interchange) programmable. In fact, a new

worldwide standard is being devised to
specify the protocol and define system ecri-
teria for hooking together programmable in-
struments and controllers, such as calcula-
tors, minicomputers and microprocessors.

But despite the digital onslaught, analog
technology is very much alive. Analog ICs,
including op amps and function generators,
are going into medium-performance, low-
cost instruments. Improvements in mixers
and narrow-band crystal filters have sharp-
ly boosted wave and spectrum-analyzer per-
formance.

And despite improvements in instrument
performance, some problems remain—most
notably in the packaging area. A serious
difficulty here is panel clutter. In certain
scopes the electrical and physical constraints
of the circuitry conflict with human-factors
principles. Some instrument manufacturers
have tried to ease the sensory overload on
the user—but only a relatively few. More
human engineering studies are needed here.

Another problem is difficulty in servic-
ing some instruments because of insuffi-
cient test points and failure to label parts.

For a fast, incisive look at how bench
and laboratory instruments are changing—
and what the changes mean to designers—
turn the pages of this special report.

Contents

42 Inside the instrument—Performance soars as digital LSI moves to center stage.
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ELECTRONIC DESIGN 24, November 22, 1974

41




Performance soars
: as digital LSI
moves to center stage

bipolar and MOS medium and large-scale
circuitry—is producing new and better in-
struments and doing it in a cost-effective way.

Functions that were historically performed
with analog devices—such as test, measurement
and signal generation—are now being done with
digital techniques. And functions that were im-
possible to achieve with analog techniques, like
the extended storage of waveforms, are now
available.

Almost hidden by the focus on mass applica-
tion of digital technology is the fact that a va-
riety of MSI analog circuits—like op amps and
function generators—are being produced. These
devices are turning up in lower-cost instruments
of moderate performance. For costly, high-pre-
cision instrumentation, high-quality discrete com-
ponents are still the designer’s choice.

The types and numbers of SSI, MSI and LSI
circuits used in today’s instruments vary widely.
An instrument may comprise many MSI bipolar
devices or a few LSI bipolar or MOS packages.
While the choice of solid-state devices is strongly
dependent upon instrument specifications as well
as the number of instruments to be produced,
ICs invariably are incorporated to achieve one
or more of the following design tasks:
Reducing cost.

Improving performance.

Making the instrument smarter.

Lowering component counter.

Reducing power consumption.

Improving reliability.

Shrinking package size.

Cost, performance, and size are prime design

S olid-state technology—particularly digital

Jim McDermott
Eastern Editor
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A microprocessor in this automatic capacitance bridge,
by Boonton, eliminates the use of error-correction charts
by calculating and compensating for instrument errors.

targets in the highly competitive digital-volt-
meter, multimeter and panel-meter industry. Con-
sequently the use of solid-state technology is
widespread.

“Through the use of LSI in our line of meas-
uring instruments,” says John Watson, digital
instrument product manager at Weston Instru-
ments, Newark, NJ, “we obtain a reduction in
cost as well as an improvement in performance.

“The second big influence on our class of in-

 struments is the reduction in component density,

which, again, simplifies manufacturing and gives
you the benefit of improved quality and reli-
ability.

“At present we have two Mostek digital LSI-
MOS chips doing counting, decoding and all the
control logic for analog-to-digital conversion in a
3-1/2-digit multimeter and in two digital panel
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meters. By the end of next year we’ll have a new
generation of instruments similarly equipped.”

With the downward trend of digital instrument
prices, especially among the lower-cost instru-
ments, John Kong, chief engineer of digital
products at Simpson Electric Co., Elgin, IL,
says: “We cannot afford to have discrete com-
ponents. To cut down the piece-part count, to
achieve compact size and to get better reliability
—esgpecially in the panel-mount instruments—
we're using a standard set of two PMOS LSI
chips: an analog and a digital device. But we're
also working on a custom LSI chip that will have
added functions, such as autoranging. And a re-
duction in power of our portable equipment is a
No. 1 target.”

Robert Boole, director of modular instruments
at Analog Devices, Norwood, MA, agrees with
Kong. He notes: “The major trend occurring at
the moment is the adoption of LSI chips in place
of T?LL MSI packages to make panel meters even
smaller or to make meters of typical sizes per-
form more complex functions. Also, emphasis is
on the use of CMOS LSI to reduce power dissi-
pation.”

Analog’s latest DPM, the Model 2008, is a
4-1/2-digit unit that uses a CMOS device—a
single chip that performs the same a/d functions
as 20 or 30 TTL chips—to keep heat rise to a
minimum. Over-all component count is reduced
by more than 30%, Boole points out, and the unit
uses only 4 W.

A digital processing oscilloscope and a programmable
calculator, by Tektronix, talk to each other through a
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Instrument manufacturers are going to em-
ploy more and more MOS LSI, predicts Richard
Van Saun, engineering manager for John Fluke
Mfg. Co., Seattle. This exploitation of CMOS,
PMOS, NMOS—and “probably QMOS and ZMOS
in the future”—Van Saun points out, is riding
the coattails of semiconductor memories, watch
chips and calculator ICs.

To date, the digital multimeter that consumes
the least power—Iless than 1 mW, including the
display—is the Dana Laboratories Danameter
2000. The meter can operate from as low as 6 V
and it can run off a standard 9-V transistor
battery for a year.

While the display is field-effect liquid crystal
using less than 1 uW, a major contribution to
meeting the low-power design target is in the
use of two custom chips—one a CMOS, the other
low power bipolar.

“This is the only instrument that has all the
active circuitry in MSI,” says John Crosby, de-
velopment manager at Dana Laboratories, Irvine,
CA. “Looking at the PC board, there are only
the two packages—no transistors or other active
components of any type.

“The bipolar chip, which requires less than 100
W, performs the a-to-d conversion, as well as
signal conditioning, such as ohms-to-de¢ and ac-
to-de conversions.

“The CMOS chip is high-density, low-threshold
[1 to 2 V] design that does the counting and
decoding and provides the control logic.”

microprocessor interface. Here, dimensional tolerances
and hardness of parts are being evaluated.
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A ROM in this thermocouple indicator, by Electronic
Research, stores factory-programmed data that provide
a 512-segment linearization of thermocouple outputs.

The CMOS chip uses about 800 uW. And the
bipolar chip is an advance over previous designs,
Crosby says. Each transistor functions at sig-
nificantly less than 1 pA. Most transistor per-
formance is degraded at those levels, Crosby
points out.

As yet, no one has developed a single-chip digi-
tal panel voltmeter. But Don Kesner, manager
of industrial systems engineering at Motorola
Semiconductor, Phoenix, AZ, predicts they will
appear in late 75 or early ’76. And when they
do, he says, the voltmeter market will be radi-
cally altered.

The single chip will simplify panel meters to
the point where they will become just an assem-
bly operation, he says. ‘“Consequently this will
spawn a group of garage operations, just as hap-
pened with calculators. Also, companies making
panel meters for their own use will probably de-
cide to produce them externally as well.”

Kesner also sees the same generic single-chip
device being used on counters as well. In counter
chips, the main technology advance will be in
increased CMOS density, he notes. The fairly
slow three and four-decade counters presently
used will be supplanted by faster and denser
five and six-decade NMOS counters. And general-
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A two-chip monolithic waveform generator is incorporated
in the prototype instrument by Exar, at right. A single-
chip device is used in the other instrument, produced
in kit form by Electronic Kits and Components.

purpose n-channel ICs, like fairly fast shift
registers, will become predominant, Kesner be-
lieves.

Instruments get smarter

Probably the most significant trend in instru-
ment design is the incorporation of solid-state cir-
cuitry to make instruments smarter. The solid-
state intelligence performs calculations upon the
electrical quantities being processed by the in-
strument and then displays the answers. This re-
lieves the operator of the need to use charts and
error-correction tables.

Although calculator chips and even micro-
processors are available for calculating functions,
they are seldom used today in smart instruments,
primarily because of their slow operating speeds.
In many cases instrument designers have chosen
to incorporate their own bipolar computational
systems into the devices because of the superior
performance of such circuitry.

An example of this is found in the UA-500
spectrum analyzer produced by Nicolet Scientific
Corp., Northvale, NJ. The UA-500, which is used
for real-time analysis of noise and vibration
data in the 0.02-to-100-kHz operating range, is
a real-time spectrum analyzer and averager. It
has a digital MSI-TTL memory that provides a
wide range of transient capture.

“An instrument should be easy to use,” says
Rheinhold Vogel, Nicolet’s chief engineer. “In
viewing the spectrum on an oscilloscope, it is
rather difficult to evaluate both amplitude and
frequency by counting centimeters and multiply-
ing on a slide rule or a calculator. So what we’ve
done is include an arithmetic unit within the in-
strument. This permits you to read out the am-
plitude and frequency of any spectrum line by
means of a front-panel cursor control. The answer
appears in a LED display.”

Standard TTL logic was used, Vogel points
out. because of its low cost and fast performance.
Also, it has a compatible interface with the other

ELECTRONIC DESIGN 24, November 22, 1974



hard-wired MSI-TTL logie, adders, counters and
parallel loaders in the machine.

Computing capability and intelligence is avail-
able today in instruments that cost several
thousand dollars. But Watson at Weston Instru-
ments feels that the next big step—to make
lower-cost digital multimeters smart—will occur
in the next 18 months. Special LSI chips that
provide computational functions will increase the
meter’s intelligence, he predicts.

Examples of the added capability that Watson
sees include calculation of dB and other ratios
between two measured points.

The most recent development in smart instru-
ments is the incorporation of microprocessors
either within the instrument or as an interface
between the instrument and remote intelligence.
In the case of Tektronix, its WP1100 digital
processing oscilloscope, which contains binary
storage of waveform data in a 4096-by-10-bit
core memory, converses with a programmable
calculator that operates in binary-coded decimal
format.

Tektronix uses an Intel 8008 to provide a mi-
crocomputer interface between the scope and the
calculator. The calculator can perform all sorts
of arithmetic manipulations on the stored wave-
forms, according to Tim O’Toole, marketing staff
engineer.

“Waveforms and readout scale factors are
stored in the scope core memory.” O’Toole points
out. The scope, which has a digitizer in it, has
some 30 plug-ins, including those for voltage and
current. With the plug-ins, both voltage and cur-
rent waveforms can be digitized. The micro-
computer interface permits the calculator to read
into and write out of that core memory in any
fashion.

Two key buttons on the face of the digital
processing oscilloscope are STORE and HOLD,
O’Toole explains. When the STORE button is
pushed, the waveform on the scope screen is
stored and continually updated. If the trace
moves up or down or sideways, the waveform is
digitized as it moves. But the instant the HOLD
button is pushed, the image on the scope face is
put into core memory and can then be accessed
with the calculator.

Software allows the programmable calculator
to access the waveforms and perform operations
on them, such as multiplying voltage by current
to obtain power. Or the entire waveform can be
differentiated to get the energy spectrum.

The microprocessor was used for the interface,
O’Toole says, because it would require an exces-
sive amount of TTL or other circuitry to do the
same task. Neither the room nor the power was
available.

Among the more advanced instruments that
have incorporated a microprocessor is Boonton
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BIPOLAR ANALOG CHIP

DIGITAL CMOS CHIP

FUNCTION " SWITCH

All active circuitry is incorporated in the bipolar analog
and the digital CMOS packages of this Danameter 2000.
A field-effect display is mounted over the CMOS device.

Electronic Corp.’s T6A automatic capacitance
bridge.

“The main reason we used the microprocessor
was for its arithmetic capabilities,” says Dick
Lee, head of Boonton’s development engineering
in Parsippany, NJ. “It allows transforms of the
basic capacitance measurement into other more
useful forms, such as dissipation and Q. The
instrument measures capacitance and conduct-
ance, and with these two quantities, you can,
from front-panel control, calculate the equiva-
lent parallel resistance. The dissipation or Q of
the test specimen can be transformed into equiv-
alent series-circuit values of R. and C..

“The microprocessor solved another problem.
We're using a modified Young bridge, which is
not a four-wire technique. The basic measure-
ment is very clean at the instrument terminals.
But it is often necessary to extend the bridge ter-
minals, using special cables that add a loss to
the measurement. Measurement of a capacitance
attached to the far end of the cable can be con-
verted to its equivalent at the bridge terminals
themselves.

Processor solves complex functions

“The transforms to convert the measurement
are complicated. But since they are arithmetic in
nature, the processor can do them without any
difficulty. Formerly we provided error-correction
and other charts which the operator had to use
to obtain the answer.

“Another advantage to using the microproces-
sor is that we were able to take care of, by pro-
gramming, all of the random logic and decision
loops required for operation of a complicated
instrument. As a result, there is no sequencing
logic of any consequence.

“In another area, if we discover that there are
limitations in the way we implemented a certain
logic function, we can change it by reprogram-
ming. In addition the processor also allows us to
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The use of dc logic switching in this Philips PM 3260
120 MHz oscilloscope provides more efficient location
of operator controls. Simplified servicing also results.

Dc logic switching in the Philips PM 3260 120-MHz
oscilloscope provides more efficient placement of oper-
ator controls. Simplified servicing is an added bonus.

use special test programs for diagnostics.

“Because the 7T6A is programmable, the micro-
processor is useful, in that all the information
involved in data transfer passes through it. The
microprocessor has the logic for the interface
and data transfers as well. The interface is the
general-purpose, 16-line, byte-serial ASCII bus
that is the standard Hewlett-Packard calculator
interface.”

The microprocessor from the Hewlett-Packard
HP-35 hand-held calculator is incorporated in
HP’s new 1722A 275-MHz oscilloscope to provide
computational intelligence. With this oscillo-
scope, readout of time intervals, frequency, dc
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voltage, peak or instantaneous voltage and per-
cent difference between trace amplitudes are pre-
sented on a front-panel digital LED display.

Using a new HP technique—dual delayed
sweep—both the start and stop points of a time
interval measurement can be displayed as inten-
sified markers on the traces while the instrument
is in a TIME mode. The interval between is then
calculated by the processor chip and digitally dis-
played. Desired time intervals can be set into
the LED readout and the circuit under test may
be adjusted.

The scope has a 1/TIME mode in which the
microprocessor computes the reciprocal of what-
ever was set in the TIME mode and displays the
answer. If the TIME measurement was the period
of a waveform, the display is a direct readout of
frequency or repetition rate.

The 1772A may be set so that the LED display
shows the average dc voltage at the Channel A
input, and in this case the scope functions as an
autoscaling 3-1/2-digit DVM.

With the scope in a POSITION mode, the am-
plitude of any point on the display may be
measured, giving instantaneous voltage levels.
The measurement may be relative or absolute.

The unit can function as a differential volt-
meter by first establishing a reference level and
then comparing any other displayed level with it.

Joining the trend to incorporate microproces-
sors in test equipment, the Fairchild Systems
Technology Div., Palo Alto, CA, is using an Intel
device in the Fairchild Qualifier 901, a new digi-
tal IC tester designed to check DTL, TTL and
CMOS. The tester was designed with simplified
operation as a goal. The microprocessor permits
dispensing with PC board programming and in-
convenient program entry methods, like switches,
keyboards and paper tape.

“The 901 is totally controlled with a QUAL-
CARD—a plastic card that has all the data
needed to operate the microprocessor encapsu-
lated in the card,” says Terry Beers, manager of
market development for small systems. “To get
on the line, you press a LOAD button, shove in
the card and go—which is the innovation due to
the microprocessor.”

The QUAL-CARD, Beers explains, contains the
software control. Competing systems, he points
out, use a PC board, plus a reference unit and
compare the unit under test with the reference.
But the reference unit can develop a fault.

Use of the microprocessor in the Qualifier 901
has reduced system cost substantially.

“It’s the first computer-controlled tester on the
market for less than $10,000,” Beers reports.
“The nearest computer-controlled system that I'm
aware of is somewhat like a Sentry 100, which is
$80,000. A library of program QUAL-CARDs is
available at $20 to $30 per program—in contrast
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to the traditional $200 to $300.”

For instruments that measure functions with
linearity that varies over a broad range, the use
of ROMs as look-up tables to provide linearity
compensation is substantially superior to the
older analog methods that used curve-shaping
with diodes or other nonlinear devices.

One example of the use of ROMs for lineariz-
ing measurements is found in digital thermo-
couple indicators such as Electronic Research
Co.’s series 9500 thermocouple meter.

According to Allen Sohl, chief engineer of the
Digital Instrument Div., the 9500 incorporates
512 ROM segments of linearization. The meter,
which is used with standard type J or K thermo-
couples, measures from 0 to 1200 C for type J
and 0 to 1371 deg for type K.

The ROM has a look-up table that is pro-
grammed with nonlinear data corresponding
to the thermocouple type in use. A prime advan-
tage is that the ROM is factory programmed, and
never needs to be adjusted to give a curve fit.
The ROM correction conforms to the linearity
curve within +=0.25°,

7400 T-L still a favorite choice

Despite the widespread publicity attached to
MOS-LSI and to microprocessors in general, the
series 7400 TTL MSI logic remains a low-cost,
high-performance choice of many designers, even
for the newest instruments.

Burnell West, engineering manager of instru-
ments at E-H Research Labs, Oakland, CA, re-
ports that its new Model 1320 Digiscope ‘“is
loaded with over 700 ICs. Over one third of these
are 7400 series and Schottky TTL devices.”

The Digiscope, which was designed for the
analysis and testing of digital systems, has eight
independent channels. The data in each channel
are stored in registers and are displayed on eight
traces—one above the other—on the face of a
scope. The logic levels versus time are thus
presented for operational checks and trouble
analysis.

Alphanumerics are presented on the scope along
with digital timing waveforms. The characters are
generated by modulating a video raster with the
contents of an MSI ROM, West points out.

“We have very little MOS in our circuits,”
West says, “because of the speed problem and
also reliability. We aren’t yet totally satisfied
that it is reliable enough,” he says.

The low price and fast speed of the 7400 series
convinced the Heath Co., Benton, MI, to in-
corporate a considerable amount of that logic in
a fast time-base for the company’s new dual-
trace, 15-MHz oscilloscope, the SO 4510. The TTL
time-base trigger circuit has a typical speed of 45
MHz, says Charles Gilmore, instrument product
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line manager.

The SO 4510 scope has a mix of 7400 and 7400H
to give a low-cost ($750 assembled, $550 in kit
form) scope with exceptionally high performance
specs, Gilmore says.

There is a design trend towards the use of
low-power, high-speed logic families, particularly
with small instruments where packaging space is
tight, and where cooling is a problem. The grow-
ing solid-state contender here is low-power
Schottky TTL (7400LS).

“Low-power Schottky probably offers the low-
est cost approach,” says Stan Bruederle, market-
ing manager for these devices at Signetics,
Sunnyvale, CA. “At present, Schottky is some-
what lower in price than CMOS and costs con-
siderably less than low-power T*L T7400L.”

Bruederle predicts that 7400L will be even-
tually pushed out of the market by 7400LS. While
7T400L is a 1 mW-per-gate logic, the Schottky
T400LS consumes only 2 mW, as contrasted with
10 mW for the 7400 series.

“If the designer wants to go to the ultimate
in low power, yet retain speed, he can design
with a combination of CMOS and Schottky,”
Bruederle points out.

While microprocessors are attracting consider-
able attention for use in future instrumentation,
the opinion of potential users is not all favorable.

“I think the microprocessor market has to
stabilize,” comments Vogel of Nicolet Scientific.
He feels that an industry standard, like the 1

- k-by-1 k static ROM is needed.

“Where there are many microprocessors
around, and each chip is different,” Vogel points
out, “you don’t know whether they’re going to
be compatible. And if you lock yourself into one,
what happens a month from now ?”

“We're looking towards designing instruments
making heavy use of microprocessor technology,”
says E-H Research’s Burnell West. “They will
be in different instruments doing different
things. In each case we’ll evaluate the existing
technologies and pick the optimum one.”

Dale Mrazek, head of digital applications at
National Semiconductor, Santa Clara, CA, issues
a note of caution regarding microprocessors.

“Anytime you're going to design a dedicated,
fixed instrument, I don’t think you should use a
microprocessor. Because microprocessors are
general-purpose solutions to a variety of prob-
lems, rather than specific solutions, I think it
will be more cost-effective to handle a specific
function with a standard or custom design.

“Remember, even if a microprocessor drops to
zero in cost, it still requires a ROM and a RAM
to make it work. What the microprocessor gives
you is flexibility of change—a faster turn-
around time. If that’s not a requirement, you’re
wasting money.” ==
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CONTINENTAL CONNECTOR'’S

SELECTIVEPL

or how to reduce
your connector cost
without sacrificing reliability

A

)

IO

N,

ENLARGED VIEW
OF SINGLE CONTACT
WITH SELECTIVE PLATING

CONTINUOUS STRIP OF CONTACTS WITH SELECTIVE PLATING

Continental’s continuous process se-
lective plating deposits an equal
amount of gold on each contact. The
contacts pass through various clean-
ing and plating baths, resulting in a

TYTIlAI'(?AL controlled amount of gold uniformly
CONNECTOR = deposnt.ed on the critical contact area.

TYPES By plating gold on the contact surface
SULTA\I?LE only, selective plating automatically
SELECTIVE brings down your connector cost en-
PLATING ormously. This is especially true on

high density connectors using the se-
lective plating method.

NOTE: Selective plating equipment was
designed and built by Continental
Connector in its’ own facilities.

Send your quotation request for comparison costs.

Contact our Engineering Department
for new designs such as back panel
or any connector-to-wire packaging.

For the Sales Representative Nearest You, See Our Listings in EEM and Gold Book Directories

CONTINENTAL[<:>1 CONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377

INFORMATION RETRIEVAL NUMBER 28
48 INFORMATION RETRIEVAL NUMBER 232 »
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&
Model 2015\

Low cost, high performance AM/FM generator

Model 2012
Low noise, highly stable generator for receiver testing

FM/AM SIGNAL GENERATORS

FREQUENCY FEATURES

DESCRIPTION

FM/AM SIGNAL GENERATOR 10KHz to 88MHz 0.1xV to 1V +1dB, fully solid state, AM variable to 100%, FM deviation “=1KHz to
Model 2002B +50KHz max. dependent upon range. Incremental frequency controls with dis-
crimination of 0.025% and direct readout in KHz. Xtal calibrator. External fre-
quency shift permits phase mod. or phase locking. Digital Synchronizer available.

FM/AM SIGNAL GENERATOR 200KHz to 220MHz 0.1xV to 100mV. Calibrated AF. Step attenuator, Crystal standardized; extremely
(6625-913-7223) stable. Deviation +600KHz on top bands. Has simultaneous FM & AM. Also avail-
Model 995B/Series able for narrow band working FM spurious less than 25Hz. Model 995B/5.

FM SIGNAL GENERATOR 10MHz to 470MHz Similar to 1066B/1 but, wider deviations to 400KHz f_30Hz to 100KHz, also
(6625-937-2801) incorporates xtal calibrator.

Model 1066B/6

FM/AM SIGNAL GENERATOR 10MHz to 520MHz Covers 10MHz to 520MHz in 11 bands with discrimination permitting tuning to

Model 2015 narrow band (+3KHz) receivers. FM deviation 10KHz and 100KHz. AM to 80%.
Precision ALC eliminates need for external set carrier control. Fundamental signal
with low spurious content. Will also operate from external 24VDC. Portable, 512"
high 11” wide. Lowest cost for performance generator on USA market today.

DIGITAL SYNCHRONIZER 10MHz to 520MHz Used with Model 2015 to set frequency to stability of =2 in 107 to resolution of
Model 2171 100Hz. Once locked frequency may be digitally tuned to at least 1% from center
frequency, with full modulation capabilities retained.

LOW NOISE VHF/UHF 130MHz to 180MHz Highly stable low noise unit for testing narrow band mobile receivers. Velvet
FM SIGNAL GENERATORS 400MHz to 520MHz vernier tuning. Infinitesimal leakage. Noise less than —140dB/Hz, VHF/UHF;
Models 2011-2012-2013 800 MHz to 960MHz —125dB/Hz, 800 — 960MHz, 20KHz from carrier. Output level 0.01xV to 100mV

into 50 FM deviation to =30KHz f 300Hz to 3KHz.

AM/FM SIGNAL GENERATOR 10KHz to 510MHz This unique combination Generator/Sweeper provides both facilities without sac-
AND SWEEP GENERATOR rifice to the precision quality of either function. Eleven bands with 1 : 1.5 cover
Model 2008 span from VLF thru UHF. Output 0.1xV to 100mV into 50Q. Stability 5 p.p.m. FM

deviation +=3KHz +=10KHz *=30KHz *100KHz and above 45MHz *300KHz. Mod.
frequency to 125KHz. AM to 80%. Comprehensive sweep facilities on all bands.
Full Modulation facilities may be retained in sweep mode. Xtal calibrator and
markers. Counter readout of carrier frequency available on model 2008/1.

SOLID STATE PRECISION FM 4MHz to 1000MHz Solid state precision FM unit accepts any 4 of 5 oscillators with bands 4 to 10MHz;
SIGNAL GENERATOR 10 to 90MHz; 88 to 220MHz, 215 to 500MHz and 440 to 1000MHz. Output 0.1xV to
(6625-491-7755) 100mV into 50Q. FM #=100KHz to ==300KHz max. dependent on frequency. Mod fre-
Model 2006 quencies 20Hz to 125KHz internal or exterhal. Synchronized version 2006/1

available.

FM DEVIATION METERS

FM DEVIATION METER 4MHz to 1024MHz Deviation ranges, =5, =25, *=75 and -+125KHz full scale. Accuracy 3%.

(6625-060-3320) Crystal standardized. Local oscillator can be xtal controlled for measuring
Model 791D deviations down to 10Hz.

FM DEVIATION/ 4MHz to 1000MHz Wide range, mod. freq.up to 200KHz; deviation ranges *+1.5, %5, #15, #50, 150,
AM MODULATION METER to 2500MHz using ext. +500KHz. Local oscillator can be xtal locked, external oscillator can be used.
Model 2300A (USA) oscillator De-emphasis 50usec. 75usec. switch selected. FM accuracy 3% for deviation up
(6625-480-8706) to =500KHz f_30Hz to 150KHz. AM modulation two ranges 30% and 100% mod.

fregs. 30Hz to 50KHz (carrier 4 to 350MHz).

FM DEVIATION/ 4MHz to 1200MHz Measures FM deviation to 500KHz, AM depth to 95% at carriers up to 400MHz.
AM MODULATION METER Very low internal noise allows narrow deviation measurements. Filter for noise
Model 2300B measurement. De-emphasis 50xS, 75xS and 7504S. Distortion and channel sepa-
ration on FM stereo meets FCC testing requirements.

PORTABLE 25 to 520MHz Measures FM on all mobile bands thru 520MHz deviations 15, 5 and 1.5KHz. Ac-
MODULATION METER curacy 3%. Low noise. AM measurements to 225MHz. 95% depth. 3% accuracy.
Model 2303 AC or battery operated. 13 Ibs.

PROGRAMMABLE FM/AM 4MHz to 1000MHz FM deviation in six ranges from *=1.5KHz to *500KHz FS. f 30Hz to 200KHz
MODULATION METER demodulated output distortion 0.25%. AM 30% and ‘100% FS. Automatic internal
Model 2301A carrier level setting.

NEW

Address

l 100 STONEHURST COURT, NORTHVALE, NEW JERSEY 07647

m I INSTRUMENTS TELEPHONE: 201/767-7250
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- MICROWAVE SIGNAL SOURCES . '

DESCRIPTION FREQUENCY FEATURES

Model 6055 0.85 to 2.15GHz A unique series of transistor and gunn diode microwave signal sources cover-
Model 6056 2.0 to 4.0GHz ing 400MHz to 18.0GHz. Digital display of frequency, accuracy typically +1%.
Model 6057 4.5 to 8.5GHz Variable output levels typically 10mW on gunn diode sources. Up to 150mwW
Model 6058 8.0 to 12.5GHz on transistor models, Gunn Diode Models are 6057, 6058 and 6059. Model
Model 6059 12.0 to 18.0GHz 6551 has FM. Special frequency coverages on request.

Model 6070 0.4 to 1.2GHz

Model 6551 1.4 to 1.7GHz

! *COMMUNICATIONS RECEIVERS ; ;

Model 1830 120 KHz to 30MHz A unique series of communications receivers covering 10KHz thru 870MHz.
Model 990R 27MHz to 240MHz All feature superb construction and top performance. Low frequency models
Model 990S 230MHz to 870MHz provide AM/CW/SSB. 990 series offer AM/FM. Xtal locking facility optional on

all models to enhance stability.

Model 2910 series
Non Linear Distortion Analyzer with Sampler

Model 2914/15
TV Automatic Monitoring System :

TV TRANSMISSION TEST EQUIPMENT .

TV SIDEBAND ANALYZER Provides a symmetrical or asymmetrical swept video signal for testing video amplifiers or transmi

Model 2360R using 625, 525 or 405 line systems, positive or negative modulation. Uses Converter TM6936 for
channels.

TV SWEEPER Main sweep unit has internal rep. rate 0.01Hz to 100Hz with linear, semi log, CW, single shot and ma

Model 2361 modes. TV field lock, blanking and phase shift controls and alternate trace separation. Produces 1
flat, low distortion sweep. Plug-ins available: Video 25KHz to 30MHz. VHF 1 to 300MHz, UHF 220N
to 1000MHz.

TV SWEEP ANALYZER Comprehensive frequency sweep analyzer combines Model 2361 Sweeper and video unit, Blanking

Model 2900 Sync Mixer Model 2908 and Differential Probes unit, Model 2907. Measures response of active or pass

transmission networks. Differential measurements on composite signal to an accuracy of 0.01dB. £
measures termination impedance and return loss.

LUMINANCE/CHROMINANCE Measures gain and delay inequality with gain discrimination 0.5dB, delay discrimination 2 nanosecona

GAIN & DELAY TEST SET visible display of misalignment with scope.

Model 2904/1

NON-LINEAR DISTORTION Makes accurate, simultaneous measurements of differential gain, differential phase and luminance nc

ANALYZER with SAMPLER linearity, even in the presence of noise. Gain and phase can be directly measured against a calibrat

Model 2910 pulse which can be varied over the ranges of 0 to 11% in .1% steps and O to 11° in .1° steps respe
tively, with the luminance non-linearity being resolvable down to 0.1% using an external scope displ:

TV AUTOMATIC Automatically analyzes and displays all essential parameters including: amplitudes of bar, sync, vario

MONITORING SYSTEM T pulses, and noise; luminance linearity, chrominance gain, chrominance/luminance crosstalk, etc.,

Models 2914 and 2915 measured in the most suitable units of measure and presented digitally when under manual control (

also illustration above). Versions for national and international systems.

; ‘ ' _BRIDGES AND Q METERS

UNIVERSAL BRIDGE 1KHz and 10KHz 0.1ph to 110h, 0.1pf to 100uf, 0.0032 to 110MQ. Accuracy 0.1%. Built-in osc. a
Model 1313A 20Hz to 20KHz det. Direct reading; simplest possible operation. Uses adapter TM6113 f
External biasing inductors to 200mA.

PORTABLE UNIVERSAL 1KHz internal 0.2ph to 110h, 0.5pf to 1100uf, 0.012 to 11MQ. Accuracy 1%. Transistorize

BRIDGE 20Hz to 20KHz simple. Measures incremental L, electrolytics & non-linear resistance usi

Model 2700 External external bias supplies.

Q METER 1KHz to 300MHz Q ranges 5 to 1000, AQ 25-0-25. Accuracy 5% to 100MHz, 20% to 300MH.
Model 1245A Calibrated capacitor 7.5 to 500pf, AC ranges =1 and =*5pf. Extremely stabl:

and easy to operate. Uses separate oscillators. Dielectric and Series Loss Te
Jigs available. Also HF & LF inductors.

100 STONEHURST COURT, NORTHVALE, NEW JERSEY 07647
TELEPHONE: 201/767-7250

DIVISION OF MARCONI| ELECTRONICS INC.



Model 2303
Mobile Radio Deviation Meter

T Model 2090B
- &
| Noise
Loading

Test Set

MOBILE RADIO TEST GEAR
DESCRIPTION FREQUENCY FEATURES
PORTABLE 25 to 520MHz Measures FM on all mobile bands thru 520mHz deviations 15, 5 and 1.5KHz.
MODULATION METER Accuracy 3%. Low noise. AM measurements to 225MHz. 95% depth. 3% Ac-
Model 2303 curacy. AC or battery operated. 13 Ibs.
PORTABLE COUNTER 10Hz to 512MHz A 10Hz resolution to 500MHz and a 10mV sensitivity over entire frequency range
Model 2424A make this eight digit battery operated counter ideal for field testing of mobile

transmitters. 6% Ibs.

MOBILE RADIO All Mobile Bands Special low noise signal generator series for all bands. 130MHz thru 960MHz. See
SIGNAL GENERATORS Signal Generator Section, Models 2011, 2012, 2013, and general purpose 2015.
AUTOMATIC 20Hz to 20KHz Simultaneous indication of level down to 3mV, distortion down to 0.1% without
DISTORTION METER tuning adjustments. With external filter, the unit becomes ideal for SINAD
Model 2337 testing.

DIGITAL COMMUNIC ATIONS — P.C.M. TEST GEAR

Both sinewave and pseudo random noise stimulus available to measure channel
gain, frequency response, idle channel noise, gain linearity, quantization distor-
tion and interchannel crosstalk. National and International models available.

Generates pseudo random test signal in AMI, RZ or NRZ formats. Errors and blank-
ing can be introduced to test regenerator clock recovery. Automatic locking of
pseudo random signal in receiver. Performs bit by bit analysis of received signal.

MULTIPLEX TEST SET Voice

Model 2807 Channel
PATTERN GENERATOR 1.536 to 8.448
AND ERROR DETECTOR Mbit/s

Model 2808

DATA LINE 300Hz to 3400Hz
ANALYZER

Model 2809

Used for testing data transmission lines and links; measures peak-to-average
rating (PAR), frequency response and system noise level. Has correction for phase-
intercept distortion.

| PROGRAMMA BLE ATTENUATORS

UHF ATTENUATOR DC to 1000MHz Attenuation range 0 to 139 dB in 1 dB steps. Accuracy +0.5%, 0.1 dB at 1KHz,
Model 2168 +1.5%, *0.2 dB at 1GHz.

MF ATTENUATOR DC to 500KHz Attenuation range 0 to 99.9 dB in 0.1 dB steps. Accuracy 1% of setting =0.01 dB.
Model 2165 Output/input impedance 6002 unbalanced. Usable to at least 1IMHz.

INTERMODULATION AND BASEBAND TEST GEAR '

Solid state unit has built-in standardizing noise source in receiver for gain
setting, out-of-band testing, etc. Includes noise generator, receiver and a
choice of many different filters. NPR measurements can be made up to 75 dB.

NOISE LOADING TEST SET 12KHz to 12.388MHz
TRANSISTORIZED (i.e. up to 2700
(6625-965-8625) channels)

(AN/GSM 161A)

Model 2090A

NOISE LOADING 12KHz to 12.388 MHz
TEST SET

Model 2090B

Designed to meet latest CCIR and CCITT requirements (Recommendation 399-1
Oslo 1966). Operation similar to model 2090A.

Model 2092AB

This filter extension box can be added to any 2090A or 2090B system to provide
accommodation for up to nine extra high, low or band stop filters and six extra
band pass filters with oscillators. Minor modification required to existing gen-
erators and receivers to provide access. Simple field modification kits available.

The Automatic noise receiver automatically adjusts its sensitivity to the incom-
ing noise level, intermodulation noise level, or residual noise level. The noise
power ratio (NPR) of a microwave system or component under test, is auto-
matically determined and the result displayed digitally. A three digit display
will give direct readout of NPR, dBm, dBmO, dBrn or dBrnO with or without ‘C’
message or psophometric weighting. Can be used with any current noise
generator.

Comprehensive spectrum analyzer system with dispersion from 20Hz/div to
100MHz full width, resolution 0.1 dB, filter bandwidths from 5Hz to 50KHz, dis-
played dynamic range 100dB, 10 x 12 cm flicker-free digitally stored display,
frequency measurement to counter accuracy.

AUTOMATIC NOISE 12KHz to 12.388MHz
RECEIVER

Model 2092C

HF SPECTRUM ANALYZER 30Hz to 110MHz
Model 2370

TWELVE CHANNEL 300Hz to 3400Hz

NOISE GENERATOR
(6625-948-4724)
Model TM7816A

Generates twelve non-related channels of Gaussian noise from twelve separate
solid state sources. Output: each channel ImW in 6002 balanced, 300Hz to
3400Hz. Attenuation to —32 dbm in 2 db steps. Spurious noise in OFF channel
(all other channels ON) is less than 10 dba (—75 dbm FIA weighted).

TV AUTOMATIC MONITORING SYSTEM
Model 2914/15

See television section overleaf.
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Noise Loading Test Set
Applications Kit

Full Marconi Instruments
Catalog NA7
(Available on request.)

“Quiet Ones” kit for

Mobile Radio Testing Notes
Marconi Instrumentation
(Check mailing list to receive
your free copies of this House
Technical Journal issued four
times per year.)

Automatic Monitoring of
Television Signals

e Contact

Issued six times a year. This
journal keeps you informed on g -
the new products and the world ) S
of Marconi. Issued free to all S5
on our mailing list. PCM Measurements

Use this Reply Card to receive this information or contact your rep.
_____________________ "] Bradenco Texas, Okla., Ark., La. 214-358-3278
Please send me. .. Rush S. Drake
Associates Washington, Oregon, W.ldaho 206-763-2755

[0 NA7 General Catalog

[ Current Price List

[] GSA Contract Price List

[ White Noise Applications Kit
[ Mobile Radio Testing

Ken Corporation
L & M Associates

New England States

New Jersey
New York City

Philadelphia Area & South N.J.

617-438-5464

201-843-8700
212-675-7486
215-639-3100

Long Island 516-231-8363

[ T.V. Signal Monitoring Package " i Bt PO ———
ee Associates la., Miss. -533-

] FCM Msasurements Florida 813-294-5815

[ Reprint of Spectrum Analyzer Article

[ Full specifications on the following | products

[J Add my name to the mailing list to receive
Instrumentation and Contact

[0 My application/problem is

Georgia, Tenn.
North & South Carolina

404-457-7117
919-787-5818

Kenneth W. Meyers  |ll., Wisc., lowa 312-774-6440
Ind., W. Kentucky 317-243-6681
Minnesota 612-920-7080

Moxon Electronics

Ohio Instrument

Central Calif., L.A.
Northern Calif., Nevada
San Diego, S. Calif.
Arizona

714-556-6500
408-734-4352
714-292-4820
602-273-7363

Teleph Ext. Company Ohio, Mich., E. Ky., W. Pa. 614-885-0743
Name PLS Associates Inc. Colorado 303-771-0140

New Mexico 505-255-2330
Title Utah, Wyoming, East Idaho 801-272-3681
. S & S Associates Wash., D.C., Md., Va., Del. 301-654-1434
Address

NEW

City Address
State Zip

100 STONEHURST COURT, NORTHVALE, NEW JERSEY 07647

TELEPHONE: 201/767-7250



/~ FOR NEW STANDARDS IN SIGNAL GENERATORS, THINK HP

“A good general purpose signal generator

should handle most of your bench needs
and be cheap enough to fit every budget.

That’s why we designed the HP 8654A”

Frequency range: 10-520 MHz
Calibrated
output level: +10to —130 dBm, leveled
Modulation: AM & FM,
internal & external
Stability: 20 ppm/5min
Price: $17OO Domestic USA price only. 1
But you'll want to evaluate the 8854A for HEWLETT hp; PACKARD
yourself. A call to your local HP field engineer
will put one in your hands. Or for more
information just write. Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304
04406A /
INFORMATION RETRIEVAL NUMBER 29
55
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INSTRUMENT PACKAGING

problem
‘rises to plague
users: panel clutter

A new

day’s instruments are Buck Rogers marvels

—more functions, increased ranges, tight-
ened tolerances. But the improvements have
raised several new problems: perhaps the most
serious is panel clutter. Some instrument manu-
facturers—but unfortunately, only a few—have
attempted to ease the sensory overload of the
user.

Human-engineering studies provide some of the
characteristics that lead to good control-panel
design. These include:

® Similarity—color, size and shape can empha-
size particular knobs, indicators and switches to
make them stand out, or to tie them together so
they relate to a certain function.

®» Proximity—spaced groups and clusters can
relate controls and displays.

® Territoriality—drawn lines, to bracket and
frame functions, and elevated, dished or sloping
surfaces can blend related items into distinct
groups.

® Automaticity—manual controls can be elim-
inated by automatic circuits, such as those in
polarity and voltage-range selection.

The application of these principles allows the
user .to cut through the clutter that a complex
front panel might otherwise present. The user
is helped to locate quickly areas of immediate
interest.

C ompared with those of a decade ago, to-

Applications of the principles

A laboratory power supply made by the Trygon
Division of Systron Donner, Westbury, NY, the
TL 8-3, illustrates the use of three contrasting
colors to identify the unit’s three power supplies

Morris Grossman
Associate Editor
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The well-organized flight engineer's controls in this
Lockheed 1011 of the Trans World Airlines fleet avoid
the sensory overload that could result from large
amounts of data on a cluttered panel.

and relate them to corresponding output termi-
nals. Note how the color keying is quicker and
more effective than the letter designations A, B
and C to tie the terminals to the supply.

In a somewhat more sophisticated way, Tek-
tronix 7000 series scopes make use of color to
classify the functions. Green identifies all trig:

ELECcTRONIC DESIGN 24, November 22, 1974



Color coding ties the power supplies and output termi-
nals in Trygon's TL8-3 triple-output power supply.

ger controls—source, level, coupling, etc. The
user only concerns himself with green colored
areas when triggering decisions are made. Blue
identifies controls that affect the CRT display,
such as alternate, chop, add or channel. And red
marks those controls that permit the user to
operate the oscilloscope in an uncalibrated con-
dition.

Yellow designates controls to be used with
caution and black and shades of grey define func-
tion boundaries and for use in printing nomencla-
ture. Some miscellaneous functions use orange.
All plug-in modules of the series use this color
code without exception. And, once the user
has familiarized himself with the color coding,
he is greatly helped in operating the scope, no
matter what combination of plug-ins he uses.

Another quite good example of panel design is
the 102A FM/AM signal-generator, made by
Boonton Electronics, Parsippany, NJ. This in-
strument uses seven knobs of different shapes
and sizes. These separate and identify the vari-
ous controls.

Some human-factors studies show that about 45
knob variations—in 15 different knob shapes,
each in three sizes—can be readily distinguished
by feel alone. Each size must differ from the
next by at least 50%, however. Thus Boonton
could have used greater knob variations, but
probably at the expense of symmetry and panel
appearance.

The Boonton function generator also makes full
use of the principles of proximity and territorial-
ity. The three functions—modulation, frequency
selection and output level—are clearly separated
by space and demarcation.

And note the distinctive gradation of lettering
sizes. Labels should be large enough for comfort-
able viewing at normal operating distances—

ELECTRONIC DESIGN 24, November 22, 1974
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The principles of proximity, territoriality, knob con-
figuration and letter-size gradation are well applied in
Boonton's 102A FM/AM signal generator. Bottom and
behind-the-panel views show easy access to all parts.

usually about 20 in. And letter-size variations
should have minimum increments of about 25%
to provide a clear distinction.

Where there is a need for many controls and
functions in a small space—as in some general-
purpose oscilloscopes—the result often is a clut-
tered control panel. The circuit’s electrical and
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Phillip's PM 3260 120-MHz oscilloscope has a very
clear and uncluttered, easily used control panel. Cold
switching enables the designer to place the controls
for best layout.

physical constraints conflict with the application
of human-factors principles. You can’t always
place a control for greatest clarity and ease of
use, because the leads may become too long, un-
desired feedback and coupling may result, or
physical obstacles may interfere.

But so-called cold switching—where the con-
trols switch secondary dc logic signals instead of
the actual signal that’s being controlled—allows
freedom for human-factors engineering. The cir-
cuit can then be designed to optimize both the
electrical and mechanical requirements, without
electromechanical restrictions. Thus maintenance
is simplified and the controls can be separated
for a superior panel layout.

Cold switching is an important feature of the
PM3260 oscilloscope, made by Philips Test and
Measuring Instruments, Woodbury, NY. The
scope is a 120-MHz, dual-trace instrument. Its
IC amplifiers allow a low over-all power con-
sumption of only 45 W, and the power supply
can operate over 90 to 250 V and frequencies
of 46 to 440 Hz. This low-power consumption
allows the omission of a fan with its problems
of noise, filters to be changed and louvres in
the case.

Compared with many popular scopes of equiva-
lent capabilities, the Philips unit presents a very
clear and uncluttered, easily used control panel,
because cold switching allows easy application
of proximity and territoriality.

In addition to the arrangement of controls and
displays, the ability to adjust the viewing angle
for a panel can be of primary importance. Old
and heavy instruments generally present a fixed
viewing angle. This often forces the user into an
awkward, uncomfortable position. Human-factors
engineers, in extensive measurement surveys,
have established a chart for preferred and maxi-
mum viewing angles. ;

Modern, lightweight bench instruments are

58

STANDARD

Q VIEWING A
\ MAX VIEWING AREA
—

PRFERRED VIEWING AREA

OF SIGHT

p====0° STANDARD LINE
i/ RIGHT

LEFT

I
MAX VIEWING AREA MAX VIEWING AREA

The ability to adjust the viewing angle of an instrument
for comfortable use is of primary importance. Human
engineering provides the preferred range of angles that
most people can accommodate to.

often supplied with a multipositional tilt bail
that allows an optimal viewing angle. For ex-
ample, the Model 168 digital voltmeter from
Keithley Instruments, Cleveland, incorporates a
16-position tilt stand. The stand doubles as a
convenient carrying handle.

The Keithley housing, which has soft rubber
feet on the bottom for slip-free positioning, holds
the coiled-up line cord. The power plug fits un-
obtrusively into an opening in the case.

Many other instrument makers have adopted
the carrying-handle tilt stand. Two examples are
John Fluke’s (Seattle) 8800 digital multimeter
and Philips PM 3260 scope.

For a handy help in viewing on the Hewlett-
Packard, Model 970A, hand-held digital multi-
meter, you can invert the numerical display with
the flick of your thumb. Also, the unit’s designers
take full advantage of automaticity. The digital
meter has automatic ranging, polarity indication
and decimal-point placement. Only the functions
—volts, ac or dec, or kilohms are manually
selected.

Are repairs easy?

Maintainability is as important to the elec-
tronic-instrument user as ease of use. To avoid
excessive instrument down time, the design
should include:

= Modular packaging.

= Sections and components that are identical
circuits and can be interchanged.

= Easy accessibility to test points while the
unit is operating.

= Self-checking features.

» Adequate labeling of parts and test points.

= Quick-opening covers with captive screws,
and preferably no need for disassembly tools.

Three digital multimeters show different ap-
proaches to packaging. The Series 350 DPM from

ELECTRONIC DESIGN 24, November 22, 1974



Keithley’s designers preferred pushbuttons for the Model
168 digital multimeter. And autoranging eliminates the
need for a range-selection switch.

Fluke’s 8800 digital multimeter uses lever switches be-
cause its designers say that lightweight instruments are
pushed backwards when pushbuttons are actuated.

Electronic Research Co., Shawnee Mission, KS,
comes apart readily. It has a separate PC board
mounted to the unit’s backplate to hold the
heavier components of the power supply. This
is intended to reduce damage to the main-
circuit PC board—damage that could be caused
by the mass of a transformer, say—when the
unit is dropped. A separate power-supply board
makes it easier to offer a large variety of op-
tional voltage-source ranges—115 or 220 V ac,
5 or 10 to 30 V dc, ete.

Pushbuttons vs levers

According to Indle King, an industrial-design
manager at John Fluke, that company’s 8800
digital multimeter is designed with lever
switches instead of pushbutton units. The reason,
King says, is that lightweight instruments, like
digital meters, tend to be pushed back when
buttons are actuated. And the lever keys them-
selves serve as clear mechanical displays of the
selected functions. This eliminates the extra
cost of an electronic-function indicator.

The Keithley Model 168 digital multimeter, on
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Heavy components can damage a complex PC board
when the board is subjected to shock or vibration.
ERC's 350 DPM features a separate board for the
power supply to protect the main board.

the other hand, uses pushbuttons. Keithley says
they're easier to use. And autoranging on each
function eliminates the need for a range-selec-
tion switch; but, of course, the decimal must be
placed automatically. Furthermore, the function
—volts, milliamps, ohms, ac, dec, etc.,—is dis-
played electronically so that the user doesn’t
have to peer at the pushbuttons.

Like the Philips’ PM3260 oscilloscope, the
Model 700 frequency counter from Newport
Laboratories, Santa, Ana, CA, also uses cold-
switching for all mode and time-base functions.
But in this case cold switching chiefly improves
maintainability. A single LSI chip avoids the
use of two eight-wafer rotary switches—with the
attendant mess of wires that would be required
between the control panel and the main PC
board. Two simple PC rotary switches, which
require no hand wiring, are all that are needed.

Maintenance problems in Newport’s Model 700
are minimized by elimination of the hand wiring
that a large switch would require. It’s hard to
change an inner wafer on a complex ganged
rotary switch. The simple wafers on the PC
board of the Newport Instrument are easy to fix.

Though many manufacturers advocate sol-
dered-in IC chips because, they contend, IC sock-
ets are a source of possible failure, Newport Lab-
oratories provide sockets for its chips. Of course,
easy IC replacement is a decided advantage
when a chip fails. The socket vs no-socket con-
troversy hinges on the reliability of the ICs.

Most instrument designers use at least some
of the techniques that human-factors engineers
consider desirable for easy maintenance. But in
many cases the methods are introduced mostly
to enhance the manufacturing or assembly proc-
esses. No longer can this be left to chance. Engi-
neers should consider maintainability in the
conceptual stage and design phases. um
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IT’S HERE.

ANALOG DEVICES’$39 12-BIT IC DAC.

No other 12-bit DAC-IC or module
—gives you greater accuracy. Or a
lower cost.

Introducing the AD562 — the
revolutionary IC from Analog
Devices Semiconductor that out-
performs every other 12-bit DAC
on the market.

Simply stated, the AD562 is a
12-bit IC digital to analog converter
in a hermetically sealed, 24-pin
DIL package.

It gives you guaranteed mono-
tinicity over the full operating
temperature range, with a max-

imum total error as low as ¥4 LSB
(0.006%) at 25°C, and a 3ppm/°C
maximum gain temperature
coefficient.
The logic inputs are positive-
true, and are specifically
designed to be both TTL and
g & CMOS compatible. In addi-
7 tion, both binary and BCD
versions are available.
How the AD562 came
about. The state-of-the-
art AD562 could only
come from a company
like Analog Devices.

After all, we’re the world’s lead-
ing manufacturer of A/D and D/A
converters for test and measure-
ment instrumentation. And with
converter products like the AD562,
we're extending that leadership in
integrated circuit form.

CMI — the new technology that
made it possible. To give the
AD562 its unmatched accuracy,we
developed a process called CMI-
Compound Monolithic Integration.

CMI is the partitioning of a com-
plex function into a minimum
number of monolithic chips, each
specifically designed to work with
the others, and assembled in a
single package.

For greater performance, the
AD562 features two chips. A
monolithic, 12-bit precision,
bipolar transistor current switch
and control amplifier chip. And a
compatible silicon-chromium
thin-film resistor network contain-
ing the DAC bit-weighting and
range resistors.

First, they’re internally con-
nected. Then, while the AD562
is powered, all the resistors are
trimmed by a computer-controlled
P i) automatic laser trimmer.

- . Theresult is outstand-
. ingresolution and scale
factor calibration. And
state-of-the-art perform-
ance at a very low price.

The AD562 does even
more for you. You’ll find
. that the AD562 gives you
. a lot of operating
advantages.

Like providing five pin-pro-
grammable output ranges, both
bipolar and unipolar.

Acting as a two-quadrant multi-
plier when you apply a variable
external reference voltage.

And offering a newly developed
current switching cell structure
which provides superior immunity
to supply voltage variation, and
reduces nonlinearities due to
thermal transients as the bits are
switched.

+1LSB
g \\ ° !
2 : — : : +100°C +125°C
- —
T F-50°C —25°C 0 +25°C +50°C +75°C o
g ~
w
AD562 bit errors vs temperature.
Bit 1 error—2 bit 2-12 errors.
-1LSB Differential nonlinearity
temperature coefficient
(~55°C to —125°C)=.81ppm/°C.
Three temperature ranges to

choose from. You can specify the
AD562 guaranteed for operation
over three temperature ranges.
The model K: 0 to +70°C.

The model A: —25 to +85°C.

And the model S: —55 to +125°C.

And best of all, prices start as
low as $39 in hundreds.

If you’d like more information
on the AD562, call Analog Devices
Semiconductor, Norwood,

MA. 02062.

East Coast: (617) 329-4700
Midwest: (312) 297-8710
West Coast: (213) 595-1783

ANALOG
DEVICES
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Resistor networks:
we deliver through thick and thin.

(AB)
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Seventeen years of film resistor experience combined with sy
quality production capabilities give you prompt solutions to your ECTED SPECIFICATIONS
network needs. Whether you require precision thin film or semi-

precision thick film in prototype or mass production quantities. Thin Thin Film
film in chip, conformal coat, flat pack and DIP. Thick film in standard | TCR +10 to £25 ppm/°C %100 and =250 ppm/°C

Thick Film

14 and 16 pin DIPs with resistor or resistor/capacitor configurations. ;‘;R ‘l'a'c"'”g +5 ppm/°C +50 and =100 ppm/°C
Ssolute

Popular pull-ups and terminators off-the-shelf. Contact your local | tolerance as low as =.01% as low as =1.0%
A-B sales office or write for our 5800 series publications. Allen- [ Matching or 7
Bradley Electronics Division, 1201 South Second Street, Milwaukee, | (=10 @eTance aslowas =005%  aslowas =2.0%

WI 53204. International Division, Milwaukee, WI 53204. Canada: | range 1K to 10 Megs 10 ohms to 1 Meg
Allen-Bradley Canada Limited, Cambridge, Ontario. United Kingdom: 1060 Mega)

Allen-Bradley Electronics, Limited, Jarrow, County Durham NE32 3EN.
If you're really serious about cost, be serious about quality.

¢¥) ALLEN-BRADLEY
X/ Milwaukee. Wisconsin 53204
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Advertisement

RF Microwattméters—
Analog and Digital-

gessi- | Happy birthday.
price-less.

MODEL
el o Introduced just one year The 102A is engineered for
ago, our 102A FM/AM Signal your convenience. That's why
- TR e R Generator is celebrating a we’ve designed a front panel
0] Crowas well-earned sales success that is easy-to-use and under-
?3“;\?#1?5 fsfélg%gihiotonm nf:,Stho against the HP8640B thatonce  stand, why we have the spe-
:}txel;legEgsgifi':\?ilggstyfrglz ;t(tzlzng; f;‘ﬁ had the market sewn up. It's cifications decale:d on _the_ top
digital (42 BD) versions, both with no wonder when you can save  of the instrument in plain view,
linear DC outputs and logic-level thousands of dollars and still why we’'ve added a unique
gtra"ngg:;‘(‘imgg‘léti}é-itfflaegs“ig%“tSalft‘;‘f get all you really need. adjustable “feel” main drive
ranging and dB display (0.01 dB With our generator you get mechanism for easy narrow-
resolution) optional. Boonton Elec- a well shielded, low noise band receiver setting, and why
t'r:fc‘;; fr are PRaTY. I;tif;gi’: = source from 4.3 to 520 MHz  we have a full list of optional
: thatis both stable in frequency goodies—like a detected AM
Wide-Range and accurate in level. We’'ve  output to verify our negligible
Programmable shrunk warmup to 15 minutes phase-shift for VHF omni-
Capacitance Meters and weight to 30 Ibs. testing, fused RF output with

We have the best residual replaceable elements, and ex-
i FM spec around: 100 Hz reso-  ternal clock input.
.\l lution with a 6-digit display, Call or write today for data

3 0 2 w‘[ o individual metering of modu- and/or a demo and you’ll call
‘v

s yab/rann lation and RF output, true peak  the 102A price-less, too. Boon-
SEE—— monitoring, and 0-300 kHz in-  ton Electronics Corp., Rt. 287
‘o ternal FM deviation on all at Smith Rd., Parsippany, N. J.
Boont log (72B) and digital ’ ’
CRBE), Droiae fabld. avcitate. 3 bands—external FM deviation  07054; (201) 887-5110.

terminal and differential measure- can be as wide as 2 MHz peak-
ments, at 1 MHz, from 1 pF fs. Meas- s
ures semiconductor-junction capaci- to'peak even at the lowest Pl’lce $3575-

tance at low (15 mV) test level, frequencies. '
with provision for external DC bias.
Phase-sensitive detector measures
accurately even at Q=1. Logic-level

range programmability and fast-
tracking DC output are ideal for
ATE. Model 72BD has standard BCD
output and autoranging. Boonton
Electronics, Parsippany, N.J. 07054

INFORMATION RETRIEVAL NUMBER 256
Direct Capacitance Bridge
0.00005 to 1000 pF

and 0.01 to 1000 mho

Boonton Model 75D Direct Capaci-
tance Bridge is designed for 1 MHz

Capacitance range, 0.00005 pF to ‘ :' @& - | D° 'hev

capacitance and loss measurement.

%:000d pF; basic accu(x;aocly, 0}.125"':. 1 1 I '

onductance range: 0. mho to 5 )

Il.(:OO Hll}{)(?, bfasicg agc%r?cy, 1%()5'\9 : ’ ove y'ou or your
nternal bias from - 0 + g - »

A(%/jus:alblﬁgesyrlevel, (11 me to 250 ; ' ;"% Per 9rmance...
mV, a z. Two modes of opera- o N a—e,_

tion allow either conventional ca- s ' ey '\; or ls your
pacitance and loss measurements or ; s 7 | $zzoo r|ce ed e
one-control balance for capacitance w ".'“\\'.. X P g

only. 3-terminal input configuration.
Boonton Electronics, Parsippany,
N.J. 07054
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RECENT ADVANCES IN INSTRUMENTS

Troubleshooters
for logic emerge
as digital trend gains

growing complexity of logic circuitry has

spurred the development of instruments
geared to one job: the monitoring and trouble-
shooting of logic systems.

Some of these new instruments, which have
started to appear in the last year, are logic ana-
lyzers, pattern analyzers and word recognizers.

Another trend, the digital conversion of exist-
ing instruments, has continued at a rapid pace.
Not only are many instruments that previously
had analog meters being redesigned to accom-
modate digital, but instruments that never had
meters before are being redesigned with addi-
tional logic and digital displays to produce more
powerful units. This is being made possible by
semiconductor manufacturers, who are able to
put more processing power in smaller packages.

Examples of how LSI logic and digital read-
outs are being combined to improve existing
instruments are a microprocessor oscilloscope
from Hewlett-Packard and a digital multimeter
oscilloscope from Tektronix.

The increasing use of digital logic and the

Keeping pace with logic

To tell what’s happening in the world of digi-
tal logic, it’s necessary to look at the outputs of
the logic elements. In the past this has been
done by logic probes and clips and oscilloscopes.
But with logic systems becoming more sophisti-
cated, instruments to examine them must grow
in sophistication, too. It’s no longer enough to
check the output of a few logic elements. Often
it’s necessary to monitor as many as eight or
12 inputs. To fill the more complex needs, the

Jules Gilder
Associate Editor
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The AMC 1320 logic analyzer is capable of displaying
the simultaneous time relationships of up to 8 parallel
channels of data.

logic analyzer was born.

Three logic analyzers have been introduced in
the last year and a half. They are the 1601L
from Hewlett-Packard, the AMC 1320 from E-H
Research Laboratories and the 8200 from Bio-
mation. The machines can be classified into two
categories: The 1601L as a functional analyzer
and the 1320 and 8200 as electrical analyzers.

In functional analysis the aim is to examine
the device, subassembly or system to see if it
works. Does the counter count? Does the micro-
program follow the flow chart? Points like
these are checked.

Electrical analyzers on the other hand, not
only determine if the device or subsystem works,
but also are capable of timing measurements,
glitch detection and analysis, and voltage meas-
urements. Examples of electrical analysis might
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include determining how fast the counter counts,
how much noise immunity there is and whether
there are adequate margins for error in both
voltage swing and time.

As a functional analyzer, the 1601L collects
data from the circuits under test and displays
them as ONEs and ZEROs in truth-table format
on a CRT. It accepts data at rates as high as
10 Mbits per second and can handle as many
as 12 parallel inputs. Data are displayed as 16
consecutive 12-bit words and can be presented
in either BCD or octal format.

The 1601L has no internal clock, and thus is
only good for synchronous operation. Also, since
you can’t see what’s going on between -clock
pulses, the analyzer cannot directly show glitches
or other spikes. However, a trigger output sig-

Oscilloscopes are getting smarter and the latest entry is
the 1722A microprocessor scope from HP. It uses the
micro from the HP-35 calculator.

nal is provided that can be used to trigger a
regular oscilloscope. Thus glitches can be spotted
indirectly.

If you’re more interested in looking at the
simultaneous time relationships of multiple sig-
nals, the AMC 1320 or the Model 8200 logic ana-
lyzers are best.

Both have overcome a very serious problem
encountered with the oscilloscope—that of si-
multaneous stored sweep of many channels of
data. One drawback, however, is that the new
logic analyzers cannot offer on any one channel
the resolution of an oscilloscope in either time
or voltage. But they do display as voltage levels,
representing ONE and ZERO, eight parallel
logic signals with their true time relationships.

The AMC 1320 can store up to 100 8-bit words.
During acquisition all channels are first simul-
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taneously converted to a binary sequence and
then shifted into a data-acquisition register at
a selected clock rate of up to 50 MHz.

Upon occurrence of a trigger pulse, which can
be derived from a combination of the logic in-
puts, acquisition stops and the accumulated data
are transferred into the display register. Because
the trigger can be used to stop acquisition, it’s
possible to look back in time and see the events
that took place before the trigger as well as
after it. Thus it’s possible to compare the timing
diagram presented by the instrument with the
one originally drawn by the engineer when he
designed the system.

All logic analyzers use comparators to decide
if a logic level is a ONE or a ZERO. The thresh-
old setting of the comparator is critical. If, as

High speed logic can be analyzed with the 8200 logic
analyzer from Biomation. It can accept 8 channels of
data at a rate of 200 megabits/s.

in the Biomation and HP devices, the threshold
is a single level set between the ZERO and ONE
levels, abnormalities will be missed—Ilike low
ONEs, high ZEROs, glitches and ringing. The
AMC 1320 overcomes this problem by using two
threshold levels, one each for ZERO and ONE.

For those high speeds

For really high speeds, like those encountered
in ECL logic systems, there is no choice. The
only analyzer that can do the job is the Bioma-
tion 8200, with its 200-MHz data rate. It also
has more memory capability than the AMC 1320,
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being able to store 2048 words of 8 bits each.

The 8200 combines some of the good points
of both the E-H and HP units. One place where
this is evident is the clock system. While the
1601L works only with an external clock and
the AMC 1320 only with an internal clock, the
8200 can use either. However, the designers
neglected to include a useful feature that is pres-
ent in both the HP and E-H units—a pattern
trigger. The pattern trigger capability is so de-
sirable that a recent check with Biomation re-
vealed that the 8200 is being modified to include
it.

With a pattern trigger, a digital word is pre-
set into the analyzer by switches that select
either a ONE, a ZERO or a don’t-care mode. The
analyzer then cycles through until it recognizes
the word that has been preset. At that point it
triggers the display.

Hand-held units available, too

Logic analyzers do not necessarily have to be
large, expensive bench instruments. Hand-held
units that use light-emitting diodes to indicate
logic ONEs and ZEROs are also becoming popu-
lar. One of these is the BD-0617B from CPSR
Instruments, Inc., Bluebell, PA.

This $475 unit contains a 32-bit memory whose
contents are displayed on 32 LED indicators.
The LEDs are arranged in two rows of 16. Data
are entered into the unit in either a serial or
parallel mode and can either be split into two 16-
bit channels or entered as a single 32-bit sample.

In the serial mode, data are entered through
the serial input probe on the upper end of the
unit. Data are shifted into the analyzer’s memory
by an external clock, which is provided by the
system being examined.

For entering parallel data, it is necessary to
interface with two 16-pin DIP connectors on the
rear of the analyzer. Data appearing on these
32 inputs will be transferred to the internal
memory and displayed on the first clock edge
after the trigger point.

Like the more expensive bench-top analyzers,
the hand-held CPSR unit can display both pre-
trigger and post-trigger data. The data appear-
ing on the display can be delayed from the
trigger point in increments of 10 clock cycle
periods up to a maximum of 2550 cycles.

Another hand-held logic analyzer, the MS-416
from MITS, Inc., Albuquerque, NM, comes in kit
form and costs $127.50. Assembled units cost
$189.50. Like the CPSR device, the MS-416 dis-
plays data on LEDs. But where the CPSR unit
has 32 LEDs and only two-channel capability,
the MITS device has 64 LEDs and four-channel
capability.

Clocking of data is done by an internal clock
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Pattern analyzers that trigger scopes on the occurrence
of a specific bit pattern, are becoming popular because
they provide jitter-free traces.

By adding multipliers to a scope, engineers at Philips
came up with the PM 3252,which can display the prod-
uct of two input signals.

that provides an adjustable time base from 0.5
s to 200 ms. This means that the maximum
frequency of the unit is 2 MHz. Power for the
MS-416 is provided by an internal nickel-cad-
mium battery, which will last 1.5 hours between
charges.

Logic triggers improve scopes

Logic triggers are not limited in their ap-
plication to logic analyzers. Because the trigger-
ing circuits in conventional oscilloscopes leave
much to be desired when used with digital sig-
nals, logic triggers are ideal for jitter-free scope
triggering. Tektronix of Beaverton, OR, has
come out with a device it calls the 821 word
recognizer.
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The 821 is a 4-bit logic trigger. Its 50-Q TTL
output, however, makes it possible to cascade
four 821s to achieve -a word length of 16 bits.
Like the logic triggers in the analyzers, the Tek-
tronix device allows each of the inputs to be set
to either a ONE, a ZERO or a don’t-care condi-
tion. The don’t care position is used for applica-
tions that require less than four inputs.

By flipping a switch, the user can convert the
821 from a logic trigger to a driver. In the
driver mode, the input probes become output
drivers, each capable of driving up to six TTL
loads. This feature is useful where inputs are to
be manually stepped through their logic truth
tables. :

Another logic trigger that has been introduced
is the HP 1620A pattern analyzer. Like the 821,
the HP unit can recognize synchronous or asyn-
chronous patterns. But unlike the 821, it can ac-
commodate up to 16 parallel input channels.

Upon recognizing the preset pattern in an
onrushing stream of data, the 1620A produces
a 2-V, 30-ns pulse that can be used to trigger
any oscilloscope, data analyzer or other device.
In the parallel asynchronous mode a special filter
is automatically engaged to eliminate glitches
that could cause spurious triggering. The filter
tells the instrument to ignore glitches if their
duration is shorter than that set by any of the
pushbuttons—20, 50, 100 or 200 ns. If no buttons
are pushed glitches of less than 10 ns are ignored.

Oscilloscopes that multiply

In the last two years instrument designers
have gradually been adding more and more proc-
essing power to oscilloscopes. One of the early
additions came from N.V. Philips Gloeilampen-
fabrieken, Eindhoven, the Netherlands. In the
PM 3252 and 3253 Philips scopes there is now
multiplication capability, which permits the
product of two input signals to be displayed
simultaneously with one of the original signals.

This feature allows these instruments to be
used for transient-power measurements in semi-
conductor development, for high-accuracy phase

measurements and for direct measurement of

physical properties that can be converted to elec-
trical signals through transducers. By displaying
one of the original signals simultaneously with
the product, the user can see the correlation be-
tween the two.

Another important characteristic of the multi-
plying scopes is a special output jack at the rear
of the instrument that allows either the instan-
taneous or average value of the displayed prod-
uct to be shown on an indicating device or to be
used for further processing. Any dc voltmeter
connected to this output can be used as a watt-
meter. The output, which is derived from the

ELECTRONIC DESIGN 24, November 22, 1974

The fastest storage scope around is the 466 from Tek-
tronix. It has a writing speed of 1350 cm/us and a
viewing time of from 15 s to 6 minutes.

The first digital phase angle voltmeter is the 225 from
North Atlantic Industries. A ratio-metric option displays
ratio of input to a reference.

multiplier, is calibrated in terms of the oscillo-
scope display (100 mV /division).

It is also possible, by adjustment of front-
panel controls, to change both the oscilloscope
display and meter sensitivity from the low-mi-
crowatt to the kilowatt range.

The two-in-one instrument

Since the oscilloscope and the digital multi-
meter are probably the most important instru-
ments to the engineer, it is only natural that some
manufacturer would offer an instrument that
combines the two. Tektronix did it originally
with its 7000 series plug-in oscilloscope. Now
the digital multimeter has been added to the
portable oscilloscope family in the form of the
DM 43.

The DM 43 is a module that attaches to Tek’s
464, 465, 466 and 475 scopes and lets them
measure temperature, time, resistance and volt-
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The 6500 digital phasemeter from Krohn-Hite features
an accuracy of 0.05° with a 0.01° resolution. The fre-

age. The module also makes it easier to measure
delay sweeps, and it does it more reliably. The
conventional method of making such measure-
ments requires several manual manipulations
and calculations. With a digital multimeter, the
manual calculations are eliminated.

The DM 43 consists of three basic sections:
converters for temperature, time and resistance;
a digital voltmeter and a 3-1/2-digit readout.

Temperature measurements are made with a
probe that has a silicon npn transistor in the tip.
(The emitter-base voltage of the transistor is a
measure of temperature because one character-
istic of a forward biased p-n junction is that the
voltage drop across it is temperature-dependent.)
With the probe, temperatures can be measured
within 2 C from —55 C to +125 C and within 3
C from +125 C to +150 C.

Another example of more processing power
in an oscilloscope is the Tektronix 7704A digital-
processing oscilloscope. It combines the follow-
ing: a processor and software optimized for
waveform processing, a general-purpose oscillo-
scope and a minicomputer.

In addition to displaying a signal as a con-
ventional scope does, the 7704A can also average
the signals to eliminate noise, can display the
signal in the frequency domain by calculating its
Fourier transform, can correct for signal errors
caused by impedance mismatches, can auto-
matically scale displayed waveforms to any con-
venient form and can correlate and convolute sig-
nals. All of this is made possible by the 7704A’s
ability to add, subtract, multiply, divide, differen-
tiate and integrate.

Hewlett-Packard has taken the Tektronix idea
of adding a computer to an oscilloscope and car-
ried it one step further. Instead of using a mini-
computer, it has used a microcomputer. The
result is the 1722A, a 275-MHz, dual-channel mi-
croprocessor oscilloscope.

In designing the 1722A, HP engineers capi-
talized on the time and effort already put into
the HP 35 scientific calculator and included that
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quency range of the meter is from 10 Hz to 5 MHz
and inputs can range from 0.1 to 120 V rms.

device’s microprocessor into the scope. The HP
35 processor enables the new scope not only to
display waveforms, but also to provide a digital
LED readout of time interval, frequency, de volt-
age, peak voltage and percent difference in am-
plitudes.

In another area of the technology—storage
scopes—Tektronix has taken the lead with its
Model 466. At a writing speed of 1350 cm/us
(3000 divisions/us), the 466 can grab and hold
single-shot pulses with no tradeoff in the unit’s
100-MHz bandwidth. What is traded off, how-
ever, is scanning size. The top speed comes with
a reduced scan of 3.6 by 4.5 cm. The full scan
of 5.4 by 7.2 em is only achieved once the writing
speed drops to 135 V/us.

The instrument features multi-mode storage
capability that provides:

m A variable persistence mode with a bright
trace for both slow and fast repetitive signals.

= A fast-transfer mode for high-frequency sig-
nals and single-transient analysis.

® A nonstore mode for conventional oscillo-
scope displays.

Viewing time varies from 15 s at full stored in-
tensity to about 6 minutes for reduced intensity.

The 466 also has a push-to-view trigger switch
that automatically routes the trigger signal from
the Channel A time base to the vertical deflection
amplifier. Thus without disconnecting leads or re-
setting controls, the operator can quickly check
his trigger source.

Meters continue to go digital

In a continuation of the trend to digital meters,
Krohn-Hite has come out with a phase meter,
the Model 6500, that offers phase-angle measure-
ments with +0.05° accuracy and 0.01° resolu-
tion. An interesting feature of the five-digit 6500
is that its phase accuracy is unaffected by un-
equal signal input levels, which can range from
0.1 to 120 V rms.

The Krohn-Hite unit also overcomes an am-
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The DM 43 digital multimeter from Tektronix can be

used with the 464, 465, 466 or 475 scopes to measure
temperature, time, voltage or resistance.

biguity problem that generally plagues other
meters. With most meters, when the angles are
close to 0, 180 or 360°, it’s necessary to switch
ranges to avoid erratic reading or discontinuities.
But the 6500 reads directly from 0 to 360° and
can measure phase differences as small as 0.01°
without meter fluctuations or repeatability er-
rors.

If voltages as well as phase angles are to be
measured, the new digital phase-angle voltmeter
from North Atlantic Industries, Plainview, NY,
is the instrument to use. Called the Model 225,
it is the first digital phase-angle voltmeter to be
announced.

The 225 measures total voltage over 10 Hz to
100 kHz and provides phase-sensitive voltage and
phase-angle measurements at any two spot fre-
quencies within the 30-Hz-to-30-kHz band. When
operated in the phase-sensitive mode, the unit
provides 0.1% voltage measuring accuracy and
0.25° phase-angle accuracy at frequencies around
400 Hz.

These accuracies compare favorably with ana-
log phase-angle voltmeters that provide 2% volt-
age accuracy and 1° phase-angle accuracy. The
increased accuracy of the digital unit results
from use of phase-locked-loop digital filters,
which permit the signal and reference channels
to be filtered by matched two-pole filters instead
of hard-to-match five-pole filters.

The 225 handles a maximum input voltage of
500 V rms, with intermediate ranges down to
10 mV, full scale. An optional feature is a ratio-
metric configuration that displays the ratio of
signal input to reference input levels. Ratios
can be measured and displayed for in-phase,
quadrature and total voltage. The ratiometric
mode can be used for amplifier-gain measure-
ments, direct reading of transfer function and
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The ANA/LED panel meter from Simpson combines the
advantages of both analog and digital meters. It has
no moving p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>